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V. V. Rumyantsev: "The Equations of Motion of a Rigid Body Containing

Hollow Spaces Partially Filled With Liquid", Priklednays Matematiks 1
Mekhanika, Vol 18 (1954), pp T19-728.

Zhukovekiy treated the same subject for the case of hollow spaces
completely filled with an homogeneous incompressible liquid. The author
expends the earlier investigations by including the case of hollow gpaces
only partially filled with an homogenéous, incompressible, and frictionless
1iquid, vwhich means that there is also a free surface of the liquid. In
the derivation of the equations of motion, based on the Hamilton principle,
the following are assumed:

1) The body is rigid.

2) A constant pressure prevails in the areas of the hollow spaces

which are not filled with the liquid.

3) The components of motion of the body and of the liquid normal to

the boundary surface of the hollow space are equal.

Liquid end body are considered a single mechanical system. The pressure
forces transmitted between the liquid and the bddy at the boundary surfaces
are therefore internal forces and éfe not included in the equations of
motion. In all there are four equations. The first equation expresses the
theorem of momentum for the forward motion; the second expresses the
theorem of momentum for the rotation; the third equation is a Euler equation
of motion for the liquid trensformed to the co-involved solid system of
coordinates; the fourth equation 1s the continuity condition for the liquid.
Cenerally speaking, the equation system is extremely complicated. It is
considerably simplified, however, in a few special cases, for example,
when the hollow spaces within the body are completely filled with liquid,

or when the body has a fixed axis of rotation, or when certain conditions
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Under certain conditions some first integrals of the equations of
motion can also be given: an energy integral, insofar as forces effecting
the system have a force function, and an impulse integral, insofar as the
forces around one of the axes produce no moment. Tor the case of a
symuetrical gyroscope with symmetrical hollow spaces within it, for which
the forces produce no moment around the figure axis, the fact that the
rotation velocity of the system around the figure axis is constant can be

computed as an additional integral.

V. V. Rumyantsev: "On the Stability of the Rotations of s Heavy Solid Body

Around & Fixed Point in the 8. V. Kovalevekaya Case", Prikladnaya

Matematiks i Mekhaniks, Vol 18 (1954), pp L5T-U458.

In connection with a completely analogous investigation by Chetayev
for the case of a Lagrange gyroscope, the author investigates the stability
of the rotations for the case of the Kovalevskaya gyroscope in which the
center of gravity lies on an equatorial axis. Following the example of
Chetayev, he forms a Liapunov function out of the partial integrals of the
equations of perturbed motions and arrives at the desired stability
condition because of the demand for definity. This necessary and sufficient
condition combines the moment of gravity of the gyroscope with the moment
of inertia around the ;xis of the figure. The motions in gegpect to both
the rotation components and the cosine of direction of the sxis of the

figure are stable if the condition is satisfied.

N. G. Chetayev: 'Concerning the Stability of the Rotations of a Solid Body
Around s Fixed Point in the Lagrange Case", Prikladnaye Matematiks i
Mekhanika, Vol 18 (1954), pp 123-12h4

The conditions of stability for the Lagrange case are derived for the
most part from the Euler gyroscope equations. The author attempts to derive
this condition of stability according to the so-called direct method of

Approved For Release 2000/09/01 :
Liapunov. For this purpose h CIA ge D3P§1% oeocftilaaﬁ%%gqolﬂg bprturbed motion

-2 -



. Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0

A
Lo

R —

in respect to the three components of rotation, which are fixed in respect

to a body, and the three cosines of direction of the axis of the figure,

from which four integrals can be given. A Liapunov function can be constructed
from these integrals. Out of the demand for the definition of this function
the known stebility condition can be found, which requires for the

momentum component of the gyroscope around the axis of the figure a minimum
value depending on the moment of gravity and the equstorial moment of

inertia.

V. N. Koshlyakov: "Concerning Certain Special Cases of the Integration

of the Dynamic Euler Equations Connected With the Motion of a Gyroscope
in a Medium With Resistance", Prikladnaya Matematike i Mekhanika, Vol 18

(1953), pp 137-148.

When a gyroscope moves in a medium with resistance,corresponding forces
are exerted on it. If these forces have certain mathematical relstionships,
the sppropriate Euler equations can be integrated. To the already known
cases of thie type (calculated by Krutkov and Bulgakov) the author adds a
new one. He first treats a slightly asymmetrical gyroscope for which the
external moments around the main axes of ineértia are proportional to the
corresponding components of momentum. The calculation #n this case is only
possible thru an expansion in a power series, in which the assumed small
relative asymmetry of the gyroscope is used as a parameter of expansion.

The calculestion is carried thru in this case as far as the first approximation.
The result is that the influence of this asymmetry of the gyroscope is
insignificant as long as the asymmetry is actually small.

If the gyroscope is symmetrical, and if the external moments are
gimilarly disposed, a strict solution of the equations cen be given with
the aid of the Bessel function. Theoretically, the solution can also be

given for the case where the external moment is additionally dependent on
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The case,in which the moment around the axis of the figure iz agsumed
to be proportional to the square of the rotation velocity,has a practicsl
"8ignificance, since this case occurs whtn the gyroscope is moving in air.
The equations of motion can then be solved in an elementary way only for

definite values of the coefficients entering into the equations. Even
with a successful solution of the dynamic Euler equations, in all cases
investigated thus far there remains the difficulty of computing the
luler angle out of the Einematic Euler equations.

In the‘last part of the article_th¢ author returns to a problem treated
by Rim before in regard to the theory of the artificiel horizén and brings
up the question of the errors in indication which can arise with a change
of the rate of spin of the gyroscope. He is especislly interested here
in the case where the power which drives the gyro is suddenly cut off and
the gyro runs down. If in such a case an exponential drop in the rate
of a spin is assumed, a solution can be found with Bessel functions of the
zero order. In the case of a hyperbolic drop, on the other hand,
cylindrical functions are obtained. In both cases the result of the drop

in the rate of spin is a damped motion.

L. I. Tkachev: "Concerning the 84i-Minute Period in Systems with Fixed

and Free Cyroscopes”, Prikladnaya Matematika i Mekhanika, Vol 18 (1949),

pp 217-218.

The author shows that the Si-minute period is not exclusively a
characteristic of systems in which the gyroscope is pendulous, although
until now only such cases have been treaﬁgin the literature.

If an artificial horizon is produced in such a way that the gyroscopiec
couple of a fixed gyroscope is measured and combined with the values of
two accelerometers in a computer, it can be shown thet this system also
has a period of 84 minutes, if the synchronization is unaccelerated.

The same can be shown for a system which has a free gyroscope instead
of a fixed gyroscope. The frge gyroscope serves actually only as a basis

for the two instruments which measure the abcelergtion components. The
Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0
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gyroscope in this case has a fixed direction in space independent of the
earth's rotation. The horizon 1ﬁdication»is a purely mathematical value
produced from the integrating device. 1In this case too, with spora&ic
perturbations of the indication of the horizon, a period of 84-minutes
is obtained.

This article, which is only two pages long, has a purely theoretical

- significance. ' No suggestions are given for any practical applications.

G. A. Slomyanskiy: "On the Integration of the Equations of Motion of a

Symmetrical Astatic Gyroacdpe?, Prikladnaya Matemetika i Mekhaniks, Vol 18

(1953), pp M11-k22.

The author integrates the equations of motion of a symmetrical,

astatic, Cardan mounted gyroscope with the use of a reference system which
is rigid in:space and conforms to the Cardan suspension. He neglects the
mass of the Cardan suspension. Although s few first integrals for the
general -- not linearized -- problem can be given, the complete solution
is attempted only for three special cases.

A strict solution with the help of elementary functions is possible
in the case of the force-free gyroscope. The results obtained cannot be
expanded to larger ranges of tilting of the inner Carden ring, since the
influence of the mass of the suspension neglected in the calculation would
then become considerable. The "clinch-position” of the Cardan mounted
gyroscope, which occurs when the inner ring is rotated 90°, does not appear
in these calculations as a singular point.

In the case of s constant external moment around the inner Cardan axis
the strict solutions can be given only in integral form. A better
approximate solution is obtained when the angle of nutation changes only
slightly. In this way generally valid formulas for the general regular
precession are obtained, which can still be further simplified for the

case of the fast spinning gyroscope.
Approved For Release 2000/09/01 : ClA- RDP83-00418R000300020011-0
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Finally the solution of the eqpations of motion 1s.given for the case
where a moment around the inner axis depends on the anglelbf rotation
around this axis. In this case also only a first integration is possible,

80 that the general solution can okly be given in integral form.

P, A. Kuz'min: "An Addition to the Steklov Case of the Motion of a

Heavy Gyroscope Around a Fixed Point", Prikladnaya Matematika i Mekhanika,

Vol 16 (1952), pp 243-245. ,
The case treated by Steklov in 1899, whereby the motion of an asymmetrical

gyroscope, in which the gravity point lies on a main axie of inertia,

is considered. By means of a special extension for the gravity moment
entering into the Bulegr equations of motion, a special solution is found
for which the three components of the gyroscope rotation can be expressed

by the Jacobi elliptical functions.

V. N. Koshlyakov: "Concerning the Error of the Gyroscopic Horizon in

Connection With A Varisble Self-Motivated Spin of the Gyroscope Roter",

Ingenieur-Rundschau, Vol 6 (1950), pp 185-196.

In the first part of the article the linearized equations for the
small deflections of the gyroscope are derived, both for a fixed instrument
and for the case of an arbitrary horizontal motion of the supporting frame.
In the second part the differential equatione for the special case
are investigated, in which a rapid but small change of the spin, and
therefore also of the gyroscopic effect, takes place. The calculation is
done by two Volterra integral equations of the second order, which are
solved by iteration. Expansions in a power series are carried out according
to the assumed small change in momentum, and the higher series elements
are neglecfed. The numerical evaluation of the calculations shows that
the indicating accuracy of the iﬁstrument is practically uninfluenced by

Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0
: e 6 -



Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0

small chénges of the rate of spin. 'Even with a 5% change in the rate of
spin, the errors are still smaller than 10 minutes of arc. |

In the third part the influence of periodically successive changes
in the rate of spin is investigated. The investigations here likewise
show that under normal conditions there is no appreciable effect on the
accuracy of the instrument. In certain practically unimportant areas
resonance phenomena can be produced, such as are known to occur in systems

with periodic coefficients.

V. V. Rumyantsev: "On the Equations of Motion of a Solid Body With Hallow

Spaces Centaining Liquid", Prikladnays Matematika i Mekhanika, Vol 19

(1955), pp 3-12.
In connection with articles by Poincaire and Chetayev the author sets

up the equations of motion for a gyroscope containing erbitrarily formed

internal cavities which are completely or partially filled with s

homogeneous, incompressible, and frictionles; liquid.
The equations are given in three different forms:

1) a form used by Poincare, but expanded to include arbitrarily formed
hollow spaces in a system of coordinates which is fixed in respect to
a body;

2) an expanded form of the Lagrange equations of motion in a reference
system rigid in space;

3) a cenonical form used by Chetayev, which can be considered an expansion

of the Hamilton equations.

Both conservetive and non-conservative forces are considered in the

derivation. Solutions or formulations of solutions for the equations of

motion are not given.
Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0
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Stebility Boundaries, monograph in the series "Modern Problems of Mechanics",

State Publishing House for Technical snd Theoretical Literature, Moscow-
Leningrad (1949)

In this monograph the esuthor shows how in nonlinear systems the  ,
question of danger or lack of danger of the stability boundary, produced
by a linear treatment of the same system, can be solved. ae’¥5§? his
rrocedure on earlier investigations of Lispounov and shows that the question
of the danger or lack of danger can be defided by the sign of a "Liapounov
function".

Among his several examples are i&ﬁ gyroscope probleme: a gyro-
stabilized single track railroed and a ship stabilized for pitch and roll
by gyroscopes. In both cases the gyroscope is used as a stabilizer which
produces stabilizing moments directly. The difference between the two
systems lies in the fact that the containment of gravity in the gyroscope
system for the single-track railrosd is negative (center of gratity above
the point of suspension), whereas in the case of the ship's gyroscope it is
positive (center of gravity below the point of suspension).

In both cases the results of the investigations are plotted without
dimensions. With the single-track railroad there are two critical values
for the size of the viscous damping around the axis of the frame for every
value of the gyroscopic moment. Below the smaller value and above the
larger value the system is unstable. The investigation shows, with the
help of the Liapounov function, that exceeding the upper boundary is not
dangerous, but merely leads to vibrations of limited amplitude; exceeding
the lower boundary is dangerous, however, since there is an increase of the
amplitudes, and the system changes to another state of equilibrium.

In the case of the ship's gyroscope the lower eritical boundary value
for the frame-damping drops out, so that the portion of the stability
boundary corresponding to the upper value 1s not dangerous. If this portion
of the boundary is exceeded, oscillations will build up, but the extent to
whidipyivesec: Eoriiialen sep2Q000A1 o 1ABRREIQOYISRANIOWO0, o 1q
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vibrations will be produced. A return to within the boundsry will bring
an end to the vibrations. The system is reversible, but exceeding the

boundary at dangerous portions leads to nonreversible conditions.

A. F. Khokhlov: "On the Use of a Gyroscope-Magnet as a Course Indicator"”,

Avtomatike i Telemekhanika, Vol 8 (1947), No k, pp 285-296.

Here the interesting attempt is made to combine the two traditional
methocds of course indication, gyroscopic and magnetic. In contrast to the
well-known combinations of this type, wherein the magnetic needle i8 used
only as a control for the correction moment, there is in this case a fixed
connection between gyroscope and magnet. The magnetic north-south direction
coincides with the rotational sxis of the rotor.

For such a device the author sets up a linearized theory for which
at the outset a quite special condition must be satisfied. This condition
combines the gyroséopic moment and the maximum magnetic moment with the
values for the rotationsl velocity of the earth, the geographical latitude,
and the magnetic inclination. The fulfillment of this condition provides
a simple calculation of the system of differential equations, but it would
require, for practical application, such an enormous gyroscopic moment,
that the oscillating syetem, because of the magnetic containment, would
have a period of 12 hours at the equator, which would increase to 24 hours
at 60° latitude. In view of the great dirficulties involved vith the
much shorter Schuler period of 84 minutes, it is obvious that the investigation
here has only theoretifal value. There are no suggestions for s Practical
application of this gyroscopic device.

One advantage of the fulfillment of the above condition is the fgct
that the position of equilibrium of the gyroscope axis is horizontal and
forms the mid point between fhe meridian and the magnetic north-gouth

direction, when the condition 99 = /‘C (1.e. » geographic latitude = magnetic
incApptdeed For Ralease 2§00/09/01 : CIA-RDP83-00418R000300020011-0
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When the stated conditions are sstisfied, the directional force of
the instrument is twice as great as that of a standard gyrocompass; the
course errors are therefore only half as large under otherwise similsr
conditions.

Since the gyroscope of the instrument is supposed to be astatically
mounted, it receives its directional force solely from the moment of the
magnet conﬁection to it. The instrument considered by the suthor therefore
carries out undamped oscillations around its position of egquilibrium.

For the damping of these oscillations the same means are employed which
hﬁve been tested for damping the oscillations of a gyrocompass during

ad justment. The suthor does not go into further detail on thig subject.
It is to be expected, however, that the extremely high oscilletion periods

will produce new difficulties in regard to the damping.

B. V. Bulgskov: "The Compounding of Errors in Gyroscopic Apparatus",

Ingenieur-Archiv, Vol 11 (1940), pp 461-L69.

In the study of errors in the éyroscopes of moving vehicles or aircraft
congiderstion is usualyy limited to certain typical forms of motion, such
as the uniformly accelerated straight-line motion or a ecirculsr motion
with constant velocity. Even though the results obtained in such caseg
are sufficlent to judge the applicability of a device, there is always the
danger that certain combinations of forms of motions will lead to o
compounding of errors. In this regard the author attempts to find for a given
gyroscope those motions which will produce a maximum error, and to
calculate this error. He is successful in doing this for a gyroscopic
compass .

The well-known linearized equations of motion for a gyrocompass
(Anschuetz-compass) are solved with the aid of operators, whereby the

earth's rotation snd curvature are taken into consideration. The azimuth

defrsctions PEPRATEA dBobddSAAR o FEPeoUIBs1 SRO0030P0EDE 1deke] erations
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correspouﬁing time functions of the ship's maneuvers are entered. For the most
common case, where the period of a ship's maneuver is small comparéd to

the period of natural oscillation of the compass, the integral caﬁ be
substituted by a simpler and more easily evalusted expression.

From the discussion of the error formule it isiclear that the ship's
maneuver which produces the largest theoretical error is an alternate
rapid chenging of course from north to south and vice versa. Thezerrgr
produced in such a case is the sum of a convergent series. For actual
maneuvers, where the change of course would be much slower, much smaller
errors are to be expected.

The calculations are considerably simplified when the Schgler 8l
minute condition is maintained. The resultant error is then caused
solely by the damping of the gyrocompass. Aé a result of the Schuler
condition, the error is equel to zerolfor an undsmped gyroscope.

In a practical example with actual figures, already worked out by
Geckeler, the maximum error is computed and found tobbe in good agreement

with the strict value obtained by Geckeler.

A. A. Krasovskiy: "Concerning an Oscillatory Method of Linearizing

Certain Nonlinear Systems.", Avtomatika i Telemekhanika, Vol 9, No 1, Po.20 -9
_ ’ , r

A theory is developed expressly for the vibration mounting of
gyroscopic devices, whereby the author bases his work on the general
theorems derived by Bogolyubov, which state thﬁt the behavior of certailn
nonlinear systems in which there are forces of comparatively high frequency
can be approximated under certain conditions by the behavior of a linear
system whose characteristic curwes have been obtained from the original
syatem by a process of interpolation.

| The method is illustrated by two examples (simple oscillator with
Coulomb friction and a hydraulic servo-motor with a Servo-piston). The

anppPsed ToRIEm, $0.9000/09/08 o RKROEgSIN thRoUGS0 0260 £henee of a

friction force was measured by superimposed oscillations as a function of
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the amplitude of these oscillations. Unfortunately, the text does not

tell how these experiments weee carried out.

B. V. Bulgakov and S. S. Tikhmenev: "Theory of the Sperry Gyroscopic
=S

Hotizon With Pendulum-Air Blabt CorrectionY, News of the Moscow State

University, Vol 7 (1937), pp 181-199

The authors present a linearized theory of the Sperry horizon ébr
the Bollowing momenss:

1) moment of air-blast support,

2) moments of friction around the two Cardan axes,

3) disturbing moments of gravity in the case of such great path

deviations that the control pendula are deflected.

iecsolution of the linearized equations is accordingly carried out
in four different zones:

1) very small course chaﬁges within vwhich the correction moment is
smaller than thé friction moment;

2) the range adjacent to 1) up to a complete opening of the control
8lit by the pendula;

3) the range in which the pendula release the control slits
completely, but do not reach maximum deflection;

L) large course deviations after maximum deflection of the pendulsa.

The solution to range 4) is not carried out, but simply stated
qualitatively.

The second part of the article treats disturbing influences such as
the changes of indication resulting from the earth's rotation and speed
of the aircraft. In the case of the latter, only the longitudinal
accelerations are investigated in detail, whereby a table of possible
maximum horizon errors is given for the case of constant longitudinal
epreved far Balease2008/Q2Q1m &I A-RRRE3WO4I8R00390020011-Qr curved

flight is mentioned only briefly. ..
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The numerical evaluation was carried out for an original Sperry

instrument.

Ei N. Sretenskiy: "The Motion of the Goryachev-Chaplygin Gyroscope."

(dedicated to the memory of S. A. Chaplygin), News of the Academy of Sciences

of the USSR, Department of Technical Sciences, No 1 (1953), pp 109-119.

Goryachev investigated the motions of a gyroscope whose main moment
of inertia lﬁtisfied the condition A = B = 4LC and whose center of gravity
lies in the equatorial plane of the inertia ellipsoid. Chaplygin proﬁuced
a generalized integration of the Goryachev case with the use of ultra-
elliptical integrals. The Goryachev-Chaplygin results are now treated
in detall for a specialized case in which a gyroscope has received a large
iaitial moment around a main axis of inertis which passes thru the center
of gravity. The motions are then analogous to the so-called pseudo-regular
precession in the case of the légrange gyroscope.

The expressions in the Chaplygin integrals are developed in series,
wherein the higher members can be neglected because of the asgumption of
a large initial moment. The most important result of the investigations
is the fact that the gyroscopic axis, about which the moment takes place,
oscillates with a decreasing and then incressing amplitude (vibration).
The oscillation frequency is thus proportional, and the vibration frequency
inversely proportionai, to the initial natural rotation of the gyroscorpe.

The natural rotation itself changes in time with the vibrations.

G. O, Fridlender: "On the Precession of a Gyroscope Under the Effect of

an External Moment", Ingenieur-Rundschau, Vol 12 (1952), pp 229-233.

Since investigations on the effect of external moments on a gyroscope

generally are limited to the behavior of the gyroscopic axis, i.e., one

 CIA- -00418R000300020011-0
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antanecus axis of rotation and the likewise ingtantaneous axis of

momentum. He limits himself to khhe case of the rapid moving gyroscope which
is supported at its center of gravity.
Under the effect of any external moment acting upon the gyroscope,
the well-known motions of the gyroscopic axis on a point-, looF; or
wave-cycloild are produced, according to the chosen initial conditions.
The author gives for these cases the corresponding motions of the
instentaneous vector of rotation and vector of momentum. The drawings
given for these cases do not appear to be very reliable, since, for example,
one point cyecloid is obviously erroneous.
The author mentions the interpretation of Klein and Sommerfeld for
the case of the pseudoregular precession, which, similar to the case of
Poinsot, deseribes the motions of the gyroscope by the rolling of a sphere
which is fixed in respect to a body on a sphere which is rigid in space.
From these considerations it may be concluded that the moment due
to the friction of the sir acting on an erratic free gyroscope causes the
gyroscopic axis to rise upward, Jjust as the moment'of friction of the

point on the bage.

Ya. N. Roytenberg: "Self Oscillations of Gyposcope Stabilizersg’,

Prikladnaya Matematika i Mekhanika, Vol 11 (1947), pp 271-280

Here the behsvior of g gyroscope stabilizer is investigated, in which
a Cardan-suspended gyroscope during precessions around the inner Cardan
axes activates a potentiometer which, via an amplifier, turns s
stabilizing motor.. The motor provides a moment around the external Cardan
axis; this moment imparts to the stabilized system joined with the external

Cardan axis a certain inseneibility toward externsl perturbation moments.

Approved For Release 2000/09/01 : QI&hR[zP83-00418R000300020011-0
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The suthor investigates the case where the potentiometer has a

black-white characteristic of the form S sign /‘:3 , whereby /"Eg is the

angle of rotation of the gyroscopic system around the inner Carden axis.

The calculation itself is carried out linearly by area, and the individual
solutions then are bunched at the transition point. By entering the

condition of periodicity a periodic solution of the system can be found,

for which the stability is determined by investigating a system of differential
equations.

From an example worked out with actusl figures by the author, it is
evident that the investigations concerned rather large objects, such as
are used in the navj, for from the given data it is evident that the
stabilized system has a weight of between 4 ton and 1 ton, and the
gyroscope itself might weight about 20 kilograms. The stabilizer motor
has a‘rated current of 6 amperes and produces a stabilized moment of

0.45 kilogram.

I. I. Metalitsyn: "On the Question of Gyroscope Stabilization?, Doklady

Akedemii Nauk SSSR, Vol 86 (1952), No 1, pp 31-8k4.

In the investigation of stabllity according to the Murwitz method,
the influence of individual types of forces on the stability cannot be
overlooked. The author thus separates his linear system In such a way that
the various forces (inertisl forces, dissipative forces, gyroscopic
forces, conservative forces, and intrinsically nonconservative forces)
are entered independently in the stability equation. In this way, he
obtains six general rules, vhich can be of great advantage in the projecting

of dynamic systems.

- 15 -
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1) When a conservative system is statically unstable, it can not be

2)

3)

b)

5)

6)

stabilized by the addition of intrinsically nonconservative
forces (without dissipative and gyroscopic).

When a conservative system is statically stable, the adding of
intrinsically nonconservative forces can make the system unstable.
An intrinsically nonconservative system can be stabilized only

if gyroscopie and dissipativé forces are added simultaneously

to the effective forces.

A statically unstable system can be stabilized, if dissipative,
gyroscopic, and intrinsically nonconservative forces are added

simultaneously to the effective forces.

If the condition of stability is satisféed, and if the gyroscopic

forces are superior to the other forces, the oscillation
frequencies of the system separate, that is, the one becomes
relatively large, the other relatively small.

If the stability condition is satisfied, and the gyroscopic
forees are superior, the oscillation with the larger frequency
will be more strongly damped than the ogeillstion with the

smalil freguency.

D. G. Topel'bert: Electronavigational Instruments. State Publishing

House for Water Transport, Moscow-Leningrad (1950), 428 pages, 3000 copies,

prices 17.60 rubles.

This book, written by a captain in the navy, serves as a text at

‘the advanced training schools of the navy. The greater part of the book

(276 pages) is devoted to the gyroscopic instruments used in navigation,

chlefly the gyrocompsss. The two other sections deal with the Echolot

(fathometer) and log.
"Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0
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The introduction tc the gyroscope theory in the first chapter is
quite extensive, in view of the purpose of the book. The theoreticsl
considerations are based chiefly on "technical" gyroscope equations. The
equations of approximation used sre those usually employed in the
consideration of "small oscillations". They are not derived directly here,
but obtained indirectly by means of a linearization of the géneralized
Euler equations. The mass of the Cardan rings is neglected, and it is
assumed that the vector of rotation deviates only slightly from the
pronounced main axis of inertia. The precession and the effect of brief
disturbances are then investigated on the basis of these simplified
equations. For later investigations an expansion of the equations of
approximation for rotating systems of reference is necessary.

In the following three chapters (2 to 5) a rather detai;ed theory
of the first spproximation is presented for a gyrocompsss damped b& an
eccentrically suspended pendulum snd for a gyrocompass with dgmping tanks.
Then the behavior of the gyrocompese on a moving ship is treated, and
the theory of the course error and the acceleration error is<d@eveloped.
The condition (Schuler) for an acceleration-free period-ad justment
(84-minute principle) is also derived. The question of counteracting the
ballistic deviation of the first type leads to the necessity of adjusting
the undamped instrument to a natural oscillation period of 84 minutes.
The question of counteracting the ballistic deviation of the second type
leads to the necessity of either using an undamped instrument, or of
cutting off the damping during maneuvering (changes of course and speed).

The quedrantal error of the gyrocompass is also investigated, and
methods of correcting it are shown. These observations are, however,
more qualitative than quantitative.

Essentially, the theory developed in the book is based on that of

the well-known text on gyroscopes by Krylov and Krutkov (1932).

Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0
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All the values which can be used to Judge the operation of a gyrocompass

are compiled in a table, and methods are indicated whereby the individusl
values can be determined by laboratory tests. The degree of accuracy
required in these cases is * 0.1° for laboratory work and 1: 0.2° to
9.3° for work on en anchored ship.

Chapter 6 presents an elementary theory of the artificial horizon,
but only insofar as the horizon is maintanied by means of g gravity
moment. This theory suffices for the Fleuriais gyroscopic sextant
described in the book.

There is also a brief discussion of a gyroscoéic device with which
the geographical 1a£1tude 90 can be measured. The 6perating principle
is based on the fact that the indications of both the gyrocompass and
the artificial horizon are functions of the geographical latitude };7 .
If the exact heading and the emact horizon are known from another source,
the geographical latitude can be determined from the difference. It
is emphasized, however, that such instruments are not yet sufficiently
accurate for use in navigation.

In Chapter 7 the designs of two gyrocompasses are given in great
detail. The first one described is a single-gyroscope compass,
presumably built in the USSR. Its rotar has a diameter of 25 centimeters
and weights about 23 kilograms, and is thus much heavier than the single-
gyroscope compasses of ather countries. Thebgyroscope system is
suspended in a very interesting manner by means of wires, and is
provided with guide bearings and a vertical control system, which
compénsateé any return moments resulting from the twisting of the
suspension wires. Damping tanks of the usual type are used. The course
error is eliminated by a special "corrector", which used the speed and

geographical latitude as initial data.

- 18 -
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The second gyrocompass is the two-gyrosgbpe "gpherical compass" of
Angchuetz and Compsny (the firm is not mentioned, however). The three-
gyroscope compass is not mentioned.

The following chapters deal with the installation of the gyrocompass
an boflad ship, testing the installed compass, and evaluating the obtained
data. The discussions embrace all the instruments connected directly
or indirectly with the gyrocompass, such as repeaters, current-supply

equipment, course recorders, flight recorders, and autopilots.

Ya. L., Geronimus: Survey of the Works of the Classicists of Russian

Mechanics, State Publishing House for Technical and Theoretical Literature,
Moscow (1952), 519 pages, 5000 copies, price 22.75 rubles.

This book is ; valuable contribution for two reasons. First, it
gives a brief but clear survey of many works which would be diffieudt to
compile and review individually; secondly, the work based on the classics
in Russian meéhanics is followed down to very recent times (about 1950),
thus an extensive and valuable bibliography is supplied.

In the chapter on S. V. Kovalevskly, in addition to a discussion of
the "Kovalevskiy case" (a special case of the heavy symmetrical gyroscope),
the other classical cases are discusged, in which an integration of the
equations of motion for the ordinary gyroscope was possible. There are
also brief discusaions of the works of Euler-Poinsot, Lagrange, Appelrot,
Bobylev-Steklov, Hess, Goryachev-Chaplygin, and of the investigations
made by“%éukovakiy with a gyroscope in a l;qpid. Especlally interesting
in this case 18 the analogy hetween the curvatures of an upright wire
with an elliptical cross section subjected to a force and a moment at

the free end and the motions of the usual asymmeirical gyroscope.
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In the chapter on Steklov the work on the gyroscope turning in a
liquid is discussed, and a corresponding survey of later works on this
theme is given. These purely analytical-mechanical investigations have
not been continued in recent times; nor are there any known practical
applications of this theory.

The chapter on Kr71ov gives only a brief description of the work

which is presented in great detail in the book by Kr7lov and Krutkov.

Ya. V. Linnik and V. S. Novoselov: "Random Disturbances of the Regular
Precession of a Gyroscope", Prikladnaya Matematike i Mekhanika, Vol 18

(1953), pp 361-368.

Over half of this article is devoted to purely mathematical

investigations on the probability distribution of the solutionszof:za
system of differential equations. These investigatdons are finslly
applied to the cese of the regular precession of a symmetrical gyroscope,
whose moments of inertia and gravity are subject to certain random
changes. A Gauss distribution 1s assumed for these changes.

Formulas are given with which the density of probability for the
deviations of the gyroscope motions from the regular precession can be

computed from the corresponding matrices of correlation.

V. V. Golubev: Lectures on the Integration of the Equations of Motion

for the Rotation of a Rigid Body Around a Fixed Point, State Publishing

House for Technical and Theoretical Literature, Moscow (1953), 287 pages,

8000 copies, price 6.15 rubles.

- 20 -
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This book represents an expansion of lectures delivered at the
University of Moscow. It is called by the author a continuation of the
book on the analytical theory of differential equations (published in 1950)
and concerns the application of the methods of the theory of analytical
functions and the analytical theory of differential eqﬁations to the
classic problem of the rotation of a rigid body around a fixed point.

The author states that his special task is thg application of modern
analytical methods to practical cases. In this connection he quotes
Chekhov, who once gaid, "If a pistol is drawn in the first act of a

play, it should be fired by at least the third act.” The author draws

up some heavy artdllery, such as the theory of elliptical, hyperelliptical,
and ultraelliptical functions, Abel integrals, and Riemannian spaces,

and lets go with a loud noise. The book deals much more with mathematics
than with physics; at many places mathematical problems are treated which
have nothing at all to do with the gyroscope. In many instances it is
evident that the author's preference for mathematical analysis does not
necessarily represent the shortest path toward a solution of the problem
at hand.

To‘a certain degree the book is a tribute to S. V. Kovalevskiy,
since references to the work of Kovalevskiy both in the introductory
historical survey and in the text itself are snordinately freguent.

In the final chapter the author even cites and discusses portions
of correspondence with Kovalevskiy. The basic idea, with which Kovalevskiy
obtained the classical results, is developed in detail by the author
and presented in the light of modern anelytical methods. This idea is
that in the solutions of the equations of motion the time can be
considered a complex value, and thus the theory of functions can be

drawn upon for the solution of the problem.
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In comparison with the detailed treatment of the Kovelevskly case,
the well-known other cases, in which the basic equations oftthe gyroscope
can be integrated, are trested ohiy briefly. These cases are!

1) Euler - Poinsot

2) Lagrange - Poisson

3) Hess - Appelrot

L) Goryachev - Chaplygin

5) Bobylev - Steklov.

In all these cases special assumptions are made concerning the form
of hke inertia ellipsoid or the position of the center of gravity,
or both, to the extent that a fourth integral can be added to the well-
known three integrals of the eqpqtions of motion, and the solution traced
back to a quedrature. Under such conditions, elliptical integrals appear
again and again, and the reversal of them leads to the solutions.
More than 50 pages of the book are devoted to these reversals of elliptical
intggrals.

On the whole, the book can be considered a presentation of the
classical integrable cases for the motion of a gyroscope in the light of

modern methods of mathematics. '

V. A. Paviov: Principles of Design of Gyroscopic Instruments, State

Publishihg House for the Defense Industry, Moscow (1946), 6000 copies,
223 pages, 16 rubles

This textbook of the Institute of the Aircraft Industry is intended
for designers who are concerned with the development of gyroscopic devices.
The author, therefore, presents a compilation and summary of the many
methods which have been developed for the design of small and light
gyroscopic devices, in order to save many designers the trouble of solving

Approyes;Eer Relerser2060/08K0 ha Gl AsRDREY- 00448 RO0TBL 0 (PPinciple -
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After a short historical introduction, the first five chapters deal
with a broad but not always clear introduction to the general gyroscope
theory. For instance, on pages 33 to 35 there is a superfluous and
much too involved derivation of_the general theorem of the conservation
of areas. -The theory 18 developed to such an extent that the equations
of epproximation, which apply for small deviations in the gyroscopim
axis and which are sufficient generally for the calculation of gyroscopic
phenomena and gyroscopic instruments, are derived. No speclal theory
for gyroscopic instruments 1s-g1ven, but in the later chapters there is
an explanation of the methode by which certain individual parts of
gyroscopic instruments can be calculated.

Chapter 6 presents a general survey of the various uses of the
gyroscope, without going into great detail. Only foreign designs are
discussed. The gyrocompass, the first gyroscopic device to be put to
practical use, ig mentioned only briefly, since the book is written not
for the navy but for the air force. The most varied designs of directional
gyros are discussed in great detail. Along with the discussions of such
types as Anschuetz, Obry, Sperry ahd Brown, there are also descriptions
and partial dats given on instruments made by Ach, Hartmann and Braun,
and the‘gyroscopic control instrument for guns made by Krupp. The basic
behavior of these instruments, especially the deflection caused by the
earth's rotation, is discussed. The single-track-railroad gyroscope of
Shilovskiy is the only gyroscopic stabilizer mentioned. Of special
interest are the desfriptions of two test gyroscopes, both referred to as
"sccelerographs”, but which do not actually measure accelerations. The
oné is a free gyroscope with three degrees of freedom, which 1is used to
record’the angle of rotation; the other is simplyva turn indicator
(gyroscope with two degrees of freedom and spring mount), with which the

turning speed can be measured.
-23 -

Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0



Approved For Release 2 9/01 : CIA-RDP83-00418R000300020011-0

The following chapter deals with the subject of methods of powering
the gyroscope, and the advantages and disadvantages of the various methods
(pneumatic drive with Venturi tube or pump, electric drive with direct
or alternating current) are compared. The author comes to bhe
conclusion that the use of three-phase alternating current is best,
because of greater accuracy, constant speed, more rapid attainmsnt of
full speed, and the fact that no heating is necessary.

Special importance is then ascribed to the '"choice of the principal
scheme" of the gyroscopic devices. Using a directional gyro with a rated
accuracy as an example, the author shows how date on the physical
properties of the rotor and ball bearings can be espplied to obtain a
minimum value for the momentum, at which the required accuracy ban be
maintained. An attempt is made to summarize the various designs of the
past decades as a basis for predicting the trends and needs for the
future. Only foreign designs ere again mentioned here in respect to
actual practical exsmples.

The remaining chepters are devoted to the individual parts of
gyroscopic instruments. In the discussion of the rotors the influence
of air- and bearing friction is considered, and a detailed analysis of
the various cross-section forms and dimensions is worked out. Although
the designs mentioned here are again exclusively forelgn, there are figures
given in various tables and charts for unidentified gyroscopes, which
may possibly be of Russian design. Two of these gyroscopes are small and
relatively light (714 and 788 grems), whereas the other three are 124
and 136 millimeters in diameter and weight from 2.9 to 3.3 kilograms.

The problem of material for the rotor and the calculation of the strength

and critical speed of the rotor shaft are investigated.

- 24 -

Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0



Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0

—r

The ninth chapter, the largest in the book, deals with the problem
of bearings for the rotor and‘the Cardan rings. Detailed calcilations
of ball bearings snd pivot bearings are given, and data is compiled on
the friction, toleraences (axiasl and radial) and strength of all types of
ball bearings. A &&ble for Russian ball bearings is also given. The
problem 6%Pearing size, which 1s difficult because of the lack of
knowledge of the expected stresses of the indi&idual aXes, is facilitated
by the compilation of emperical data (tsble on page 137). —

In the discussion of the Cardan suspension attention is paid chiefly
to the problem of reducing the frictionAby means of pivot bearings. A
great number of desgigns are discussed, most of which are foreign. The
effects of bearing friction and tolerances, which are extremely important
in a Cardan éuspension, are treated in the tgxt and in diagrams and tables.

Chapter 10 containe a discussion of the most varied types of correction
devices which are necessary either for compensating the effect of the
Earth's rotation on the gyroscope or for maintaining a given direction
with the ald of a magnetic needle or a pendulum. The difference between
the indicators which determine the deviations from the desired position
and the members which provide the correction moments is emphegized.

The various types of correction-moment producers and their advantages
and disadvantages are dlscussed, and their characteristic curves are
presented in diagrams.

The last two chapters treat the power supply equipment and the
controlling gear. This 18 a very well organized compilation of otherwise
widely scattered information on the friction of sliding-, brush-, and
roller contacts and the contact resistances of the various types of power
supply. Presumably the data represents the results of Russian investigations,
most of ﬁhich were carried out on foreign equipment.

-25 -
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In the discussions of controlling gear one unidentified design stands

out as especially primitive and is possibly a Soviet model. All the
other items of controlling gear mentioned are the well-known instruments
of Sperry, Siemens, Anschuetz, and Obry. The calculation of the stresses
which controlling gear must assume is also important.

The book presents a systemmatic compilation of data which is of
great value to the designer. Evenrtﬁough the desmriptions of Soviet
instruments or parts of instruments are infrequent, they do point to the

basic trends in Soviet gyroscope development.

Handbook for the Designer of Precision Instruments (Spravochnik

Konstruktors Tochnykh Priborov), I. Ya. Levin,Editor, State Pubn;zhing
Houge for the Defense Industry, Moscow (1953), 616 pages, price 23 rubles.
This extensive handbook contains & great deal of important details
for the designing of gyroscopic devices. Especially important are the
nearly 100 pages of data on the various types of Soviet ball bearings,
which include not only the usual norms but complete imformation on the

friction and tolerances of special bearings of the type used in

gyroscopic instruments.

A. I. Nekrasov: A Course in Theoretical Mechanics, State Publishing

House for T«chnical and Theoretical Literature, Moscow-Leningrad (1945-
1946), 2 volumes, 355 pages and 456 peges, price 9.50 rubles and 14.50 -

rubles.
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Only a very small part of this textbook for the higher technical
gchools and universities contains information on the gyroscope theory.
Kinematics is treated only briefly in the first volume. The second
volume presents a gomewhat more detailled presentation of the concepts of
moment of inertia, inertia ellipsoid, energy-, and momentum ellipsoid,
but the actual gyroscope dynamics ig 1imited to a brief treatment of
the Fuler case of the force-free asymmetrical gyroscope and the lLagrange
case of the heavy symmetrical gyroscope. In the first instance, the
procedure 1is exclusively that of Poinsot without the use of elliptical
functions. In the second case, the solution is indicated, but not
carried out.

There is a brief account of the various uses of the gyrosécope.

V. N. Okunev: The Free Motion of the Gyroscope, State Publishing House

for Technical and Theoretical Literature, Moscow-Leningrad (1951),
379 peges, price 1l rubles.

The book deals with the motions of a gyroscope with three degrees
of freedom rotating around a fixed point in a coordinate system. The
investigations are carried out in an analytical form and in keeping with
the classical gyroscopé$heory. The Euler angles are used for the most
part to describe the motions of the gyroscope, but the designation
"gwing sngles" is also used, which offers certain advantage§ in the
investigation of small oscillations of the gyroscope.

The book treats only a part of the classical gyroscope theory,
however, but the material presented is fully treated. In his endeavor to
provide a full treatment, the author frequentI& jncludes material which
ig obviously not relevant. The expansiveness of the book is due in part
to the fact that the author presents each formula in its most explicit

Ame"d‘? oFﬁ@luentlfo 6'&%%31'.5 a formula given earlier in the text instead

ease /01 : CIA-RDP83-00418R000300020011-0
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of merely referring to it. There are places in the text where groupa of
formulas are given, which are quite imposing, but not necessarily distinct.
The presentation itself, however, is generally quibe clear and understandsble.

In the first part of the book both the well-known connections between
the Buler angles and those of the "swing angles" and their connections
with the Euler angles are to ge found. The fact that the so-called
"regular precession" is defined kinematically only and treated fully in
the introductory chapter is unusual. Epicycloidal, pericycloidal,
hypocycloidal, and anticycloldal motions are investigated.

In the discussion of the asymmetrical gyroécope the author avoids a
presentation of the Polnsot motions and gives only the usual integration
of the Buler equations with the aid of the Jacobi eliiptical fuﬁctions.
The solutions are then simplified for certain special forms of the
inertia ellipsoid and discussed.

The greater part of the Book*fdeals with heavy symmgtrical gyroscopes.
The free gyroscope (center of gravity above the support point) and the
pendulous gyroscope (center pf gravity below the support point) are
treated separately. The influence,of friction on the motions of the
gyroscope is treated in particular detail, whereby three different cases

are distinguished:

1) The friction moment is perpendicular to the gyroscope axis and
proportional to rotatlion speeds of the gyroscope axis;

2) The friction moment is in the direction of the gyroscope axis
and 1s proportional to the lntrinsic rotation velocity of the
gyroscope axis;

3) The vector of the friction moment has both an equatorial and

axial componenty.

Approved For Release 2000/09/01 : CIA-R[8)P83-00418R000300020011-0
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Unfortunately, these extensive 1nveétigat;on5 cannot be applied
directly to the conditions for a Cardan suspended gyroscope, since the
"gwing angles” used are not identical with the anglee at the Cardan
Suspension. As indicated in the preface, the guthor is more concerned with
the application of his theory to the motions of free-flying rotating
missiles. All these investigations in which the friction is taken into
account are simplified to the extent thet only small deviationa of the
gyroscope axis from known motions are assumed.

The last part of the book contains a series of resilts and disgrams

of trajectory turves which are not to be found in other books.

¢

L. G. loytsyanskiy and A. I. Iur'ye: A Course in Theoretical Mechanics,

State Publishing House for Technical and Theoriical Literature, Moscow-
Leningrad (1948), 2 volumes, 399 pages and 580 pages, price 13 rubles and
18 rubles.

This extraordinarily extensive textbook on theoretical mechanics,
which is widely used in the Soviet Union, contains a seventy-psge
treatment of the gyroscope theory which incluées some applications of the
gyroscope in practical use.

In the first volume of the work kinematics is tfeated in the usual
maﬁner, except that there is an unusual émount of véctorial presentation,
which provides in many places a degree of clarity to otherwise cumbersome
formules. Here too, the most general case of the motion of a rigid body
(combination of rotation and translation) is investigated.

After introductory discussions of centrifugal- and inertia moments and
energy and momentum on rotating rigid bodies the second volume presents
a theory of approximation for gyroscope phenomena,_with the aid of which
certain technical applications (Obry's gear, nasutical gyrocompasses by

Schlick and Sperry, single-track railrosd of Scherl, Shilovskiy and
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Brennan) are investigated:. This theory is limited to the symmetrical
gyroscope. For the asymmetrical gyroscope only the well-known Euler
equations are derived, but not integrated.

The cese of the heavy symmetrical gyroscope is considered for "small
oscillations", and this theory is applied to the motions of rotating
missiles. v> '

Much interesting and important material is to be found here on the
gyrocompéss, gyroscope single-track railroad, and the investigh&tion of

the edge-runner mill.

8. A. Ginsburg, I. Ya. Leﬂ}man, and V. S. MaloY: The Principles of

Automatics and Telemechanics, State Publishing House for Power Engineering
Literature, Moscow-Leningrad (1953), 432 pages, price 9.75 rubles. ‘
This is a textbook for engineers and technicians in the field of
automatics. It contains descriptions and elementary calculations of the
predominantly electrical componsnts vhich are found in servo mechanisms.
Since many of these components are used in gyroscope instruments, these

descirptions have a certain importance. Some of the subjects treated
are:
Potentiometers
inductive oscillators
capackive oscillators
piezoele¢tric oscillators
relays
electromagnetic couplings
miniature motors
torque-producing elements
machine amplifiers (amplidyne)

- 30 -
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magnetic amplifiers
tube amplifiers
photoelectric amplifiers
selsyns r

magnesyns

bolometers

self balancing bridges
Data is not given for all these components, and it is not evident

from the description whether the products are of Soviet or foreign

manufacture.

A. M: Bogdanov-Cherrin: Mechanics in Aeronautical Engineering, State

Publishing House for the Defense Industry, Moscow (1952), hh3 pages,
price 11.65 rubles.

This is a textbook for aeronautical engineers, technicians and
mechanice. It presents an elementary introduction to mechanics by means
of examples from the field of aeronautical engineering. Since the book
is intended for students with only a Soviet intermediate school education,
no differsntial calculus is included.

The astonishing thing about this book is the fact that the gyroscope,
which has such a wide application in aeronasutical engineering, is not
mentioned at all, with the exception of a completely elementary example
of kinematics. This fact is all the more astonishing since the gyroscope
laws and some simple applications of the gyroscope are treated in the

Soviet intermediate schools.
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G. K. Suslov: Theoretical Mechanics, State Publishing House for Technical

and Teeoretical Literature, Moscdw-Leningrad (1946), 655 pages, price
25 rubles.

This textbook on theoretical mechanics contains an astonishingly
detailed (117 pages) account of the general gyroscope theory. Much of the
material presented here is to be found only in the handbooks. The
descipption is limited to purely theoretical considerations, and no
attention 1s paid to prdetical spplications.

In the Iintroductory chapters the equations of motion of a rigid body
are derived in the most generally velid form (6 degrees of freedom, various
types‘of coordinate systems and various necessary conditions). These
equations are then simplified for the well-known classical specidl cases
and integrated.

These cases are?

1) the Buler gyroscope (i.e., the foree-free Poinmot and

McCullagh mﬁtion);

2) +the Lagrange gyrosfope (a heavy symmetrical gyroscope, whose
center of gravity lies on one of the main axes of inertia);

3) the spherical gyroscope (i.e., a gyroscope whose three main
moments of inertia are all equal); '

k) the Kovalevskiy-gyroscope (i.e., s symmetrical gyroscope with
quite special inertia ellipsoid and with the center of gravity in
the plane of symmetry);

5) the Hess gyroscope (an asymmetricel gyroscope with quite special
location of the center of gravity and special initial momentum);

6) the Bobylev-Steklov gyroscope (in which hke moment of inertis
around the main axis, on which the center of gravity lies,

is twice as great as one of the two other moments of inertia).
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Tn the treatment of all of these cases well-known principles or
effects are oftem.given little known designations — a phenomenon which
is extraordinarily frequent in Soviet literature.

Non-holonomic systems are also treated. For example, a general
formﬁlation of the &'Aigzrt principle for this case is given, and a very
general case of the sphere rolling on a space is treated, whereby a

coordinate system rotating with the curvatures of this space is used.
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Tn the treatment of all of these cases well-known principles or
effects are oftém:given little known designations — a phenomenon which
1s extraordinarily frequent in Soviet literature.

Non-holonomic sy_stems are also treated. For example, a general
formﬁlation of the d'Af,g\erb principle for this case 1s‘gzll‘ven, and a very
general case of the sphere rolling on a space is treated, whereby a

coordinate system rotating with the curvatures of this space is used.
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BOOK REVIEWS

German manuscript N ——

Ye. L. Nikolai: Giroskop i nekotoryye yego tekhnicheskiye

primeneniya [ The Gyroscope and Some of Tts Technical
Applicationsj, with comprehensive introduction, State
Publishing House for Technical;Theoretical Literature,
Moscow-Leningrad, 1947, 152 pages, first edition,

15,000 copies, price 2.25 rubles.

This small bookris one of a popular scientific-technical
series which are published in the Soviet Union in large numbers
and in many editions. 1t contains an elementary theory of simple
gyroscopic phenomena as well as of a series of gyroscopic devices.
According to the author's preface, the book directs itself primarily
to such technicians and mechanics who do not possess special mathe-
matical or physical training, but who deal with gyroscopic devices.
For readers with some higher training, considerations are inter-
spersed in notes at various points of the text, which however are
also fully elementary in scope. The attempt to explain the simplest
gyroscopic phenomena (precession and gyroscope moment of a directed
gyroscope) without use of the impuse law and without explaining the
vector concept leads partly to quite tedious and by no means clear

explanations.

In the discussion of the gyroscope, in addition to the generally

known devices (Obry's torpedo, Howell's torpedo, gyroscopic course
indicator, turn-and-bank indicator, monorail, gyrocompass, and arti-
ficial horizon)) a device is mentioned which is designed for use in

airplanes, and with whose aid pitch and yaw may be determined. 1%

3 -
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simply involves a built~in horizon displaced by 90 degrees and
possesses a somewhat different indicating installation. Particue
lars as to whether this device is being built in the Soviet Union
are lacking. In the discussion of the monorail one learns that dur-
ing the twentiés the construction of an experimental line between
Leningrad and Gatschin was planned. This project, however, was
never carried out since the pfeliminary experiments were unsatis-

factory.

The gyrocompass, to which®the author devotes an entire
chapter, is explained very thoroughly and broadly in the Sperry
design form. The mode of operation of the two damping methods
(eccentrically guided pendulum and antirolling tank with mercury)
is explained in detail. It is rather surprising that during the
otherwise quite detailed discussion of the various errors (course
-error and acceleration error) the rolling error is not mentioned at

all, and nothing is said about the triple gyrocompass.

Ye. L. Nikolai: Teoriya giroskopov [ The Theory of Gyroscopes) .

State Publishing House for Technical-Theoretical
Literature, Moscow-Leningrad 1948, 171 pages, First

edition, 10,000 copies, Price 6 rubles.

The book provides a short, more or less elementary theory
of gyroscopic phenomena with consideration given to various applica~
tions of the gyroscope. It presents a revised and extended version
of gyroscopic theory found in the author's textbook on theoretical
mechanics. The presentation is very broad and detailed, yet quite

comprehensible as is frequently encountered in Russian textbooks.

The following are noteworthy in the treatment of the gyroscopic
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¥

. theory.

1. The use of generalized Euler equations (Section 8), i.e.
of gyroscopic equations which are written in an arbitrary reference.
system not fixed with respect to a body.” Their use:provides ad-
vantages in the treatment of many applications of the gyroscope.

2. The use of a complex calculating method (Sections 28
and 35) for the theory of the symmetric gyroscope, which, although
not new, is not commonly used.

3. A theory of the gyroscope mounted on gimbals (Chapter V1)
in which the mass ot the gimbal rings is considered. The equations
are derived, however, no solutions are investigated.

A rather detailed description and theory of the various
gyrocompass designs is presented in the treatment concerning the
applications of the gyroscope, in addition to a series of smaller
examples (grinding pressure of edge-runner mills, suspension reac-
tions of unbalanced rotors, gyroscopic forces of rotating machine
components on vehicles). The problem of damping is examined in
greater detail and an elementary derivation of the course and
acceleration error is also presented. The Schuler 84-minute
principle is briefly mentioned in this connection, however without
indication of closer details. The last chapter treats the question
of the critical rates of revolution of elastic waves taking into

account gyroscopic effects.

V. M. Shlyandin: Elementy avtomatiki i telemekhaniki
[Elements of Automation and Servomechanics], State
Publishing House of the Defense Industry, Moscow, 1952,

435 pages, Price 11.85 rubles.

This textbook, written for the training of aircraft-

instrument engineers, contains a series of subjects which are also

- 3¢-
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significant to gyroscope technology. Chapter I1 contains a detailed
survey of the various types of pick-ups including the methods used
for calculation (for example, resistance transmitter, inductive,
capacitive, and photoelectric pick-ups). Special problems, as for
example the construction of transmitters with specified character-

istics (sine- or cosine-characteristic) are also treated.

A gyro-induction compass is described in Section X,2.
According to the author's information the latest (1952) designs of
the induction-compass are included. These consist of a system of
three inductive transmitters, each displaced by 60 degrees of the
other and each respond to the earth's magnetic field. The only
function of the gyroscope is to maintain the three transmitter
elements in a horizontal plane. 1t is loosely stated that the
gyroscope is used as a yaw and roll gyroscope without indicating
principles or constructive details. By use of the gyroscope,
pivoting of the transmitter elements around the horizontal axes is
avoided and thus the northerly turning error is almost eliminated.
The gyro-induction compass possesses a guaranteed accuracy of % 2

degrees.

As described in Section X,3 this compass is also used as
measurement transmitter of an automatic pilot. By means of this
device the path of an airplane may be determined by integration of
the pertinent values of course, speed, and wind-force and direction.
The pertinent location is directly indicated by means of two hands

on the map.

Ye. V. Ol'man, Ya. I. Solov'yev, V. P. Tokarev: Avtopidoty

fautomatic Pilots), State Publishing House for the
Defense Industry, Chief-Editor for Aeronautics Litera-
ture, Moscow, 19ub, 472 pages, First kdition, 6,000

copies, Price 30 rubles.
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This book contains a description of automatic pilots of all
essential systems, foreign as well as Soviet. In addition to a
presentation of the historical development of automatic pilots, the

fundamentals of a theory of automatic control of airplanes is treated.

According to the author's preface the book is intended for
engineers, designers, and developers of automatic pilots and is to

serve simultaneously as a textbook for students in these fields.

The book treats an extraordinarily extensive subject field,
with instrument technology, undoubtedly, constituting the main theme.
In contrast, the occasionally interspersed theoretical considerations,
as for example in Chapter I1, are hardly significant. The book is
essentially of a descriptive nature and enters into details in places.
The intensity of the descriptions of the indiviaual designs fre-
quently permits inferences as to how much attention has been paid
to the instruments(at least within the author's field) and what

significance is attributed to them.

By far the greatest part of the book is devoted to the descrip-
tion of the various designs. After presenting a rather consistent
historical survey_in Chapter I1T of the predecessors of today's
automatic pilots, the next two chapters are devoted to the descrip-
tion of foreign designs. Finally, Chapter VI contains quite an ex-
tensive description of Soviet automatic pilots which were developed
during the years 1932 to 1942. In connection with this it is men-
tioned that "one of the first automatic pilots made in the Soviet
Union" is the type ABP-10. This automatic pilot which appeared in
193l differs from its predecessors ABP-1 and &BP-3 only in details,
which, although necessary for safe operation especially at low
temperaturés, are of no significance to the principle of the instru-

ment. Three-position gyroscopes are still used for tuis purpose,
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which are pneumatically driven and supported and which are differ-

entiated exclusively by the nature of their support.

The developed automatic pilot of the type STL-U4 which "was
constructed by the designers Selizki, Timofeyev, and Lusis,"
essentially corresponds to the well-known Sperry-pilot of 1934. The
Sperry gyrocompass in conjunction with the Askania telecompass is
used as course compass. The Sperfy horizon is used for stabilizing
the longitudinal and transverse position. OSince this design has
evidently not proven itself, the Sperry automatic pilot was copied
without any change as type ABP-12 and after a specific test period
was changed in some details so that the type ABP-12-D was created.
These changes concerned measures to extend the £anperature range up
to -SOOC as well as increasing the peak performance of these
pneumatic devices. The aevice evidently must have been used ex-
tensively in this form, for the description treats very compre-

hensively all details of installation, ground, and flight testing.

Chapter VIT is devoted to a further development of the auto-
matic pilot ABP-12-D the type AP-UL2, which stems from the designers
Semenov and Ol'man (author of the book). Nothing was changed in the
method of control, but a series of construction changes was insti-
tuteds Thus in the case of the gyroscopes the arrest of the hither-
to copled Sperry gyrocompass was changed. The horizon was evidently
accepted without change. At the time the bookwas drafted this
automatic pilot evidently represented the most modern Soviet device
of this kind. Yor this reason very comprehensive descriptions
including installation drawings, test instructions, and operating

directions, even instructions for eliminating errors, are presented.

Chapter VIII treats the uniaxial directional controls in use

39 -
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at that time. Conspicuous here is the very intensive concern with
the automatic pilots of Askanié and Siemens. This explicitness
coupled with a critique of the devices permits the conclusion that
these types were extensively tested in Soviet Russia, and that they
possibly were used as original designs for their own developments.
The Soviet automatic pilot control of type &4K-~1 described in this
ghapter (a design by engineer Sorokin) is nothing more than the
directional control portion from the triaxial control ABP-12, thus
from the Sperry control. 1In this connection it is reported that
at the beginning of the war all Soviet passenger airplanss of the

type PS~BL were equipped with automatic pilot controls.

In the last chapter of the book, descriptions of the modern
American automatic pilots "Sperry A-5." and "Minneapolis - Honeywell
C-1" are presented. Tests of these devices at the time the book
was drafted had evidently not yet been made, since the authors limit

themselves to a relatively short description.

Of interest is the fact that at the end of the book in the
tabular survey of the various asutomatic pilots with their most
important characteristics, foreign designs are exclusively used
despite the fact that in the book itself Soviet devi’ces are de-

scribed in detail.

Seen from the standpoint of gyroscope technology, Chapter I
possesses another specific significance since in this section gyro-
scopic devices in general and their individual components are dis-

cussed. Here Soviet designs are also briefly described.

_%0-
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GERMAN REVIEW OF RUSSIAN WORKS ON GYROSCOPES

Be V. Bulgakov and Ya. N. Roitenberg, "Concerning the Theory
of Power-Assisted Artificial Horigons," Izvestiya Akademii
nauk SSSR [News of the Academy of Sciences USSR], Depart-

ment of Technical Sciences, Vol 3, 1948, Pages 289-292,

This work, which consists of only four pages, is particularly
noteworthy because it shows the manner in which the apparatus which
was treated in detail by Roitenberg in an earlier publication 138
subsequently been developed and modified. While the original design
by Roitenberg in 1946, which provided a Cardan suspended platform
on which there were four gyroscopes, was a type in which the system
lost a certain directive force by placing the center of gravity lower
than the point of intersection, they now have switched over to making
the platform systems astatic with the gyroscopes and for this reason
having the (power) assistance actuated by small gyro pendulums which

are attached to the gyro housing.

This development indicates a distinct parallel to the develop-
ment of the artificial horizon itself. While the Anschuetz (Dr. A
Hermann Anschuetz-Kaempfe) artificial horizon still operated with a-
lower center of gravity location, the later Sperry horizon was
astatically located and actuated the (power) assistance by small

pendulums.

It is worhwhile to note that this parallelism was not discovered
by the authors until quite late. Apparently, they at first thought
only of dealing with a replacement, which seemed practicable for the

apparatus, of the moment of gravitational force by pendulous controlled

4 -
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moments without changing any of the principal methods of operation

of 'the mechanism. Only now in this publication is there a reference
to the closely related possibility of transposing the assignment of
the gyro pendulum to the assisting motor, exactly as has long been

the case with the Sperry horizon. The findings of this work consist
in the indication that one can synchronize such a system (likewise

a Schuler type) to a natural frequency period of 84.4 minutes and
that then, except for a course error, no acceleration error (ballistic

deviations) will appear.

At the conclusion of their studies the authors indicate that
it would be most practicable to unite both methods of assistance
with one another so as to attain a damping of the timing oscillations.
In this case, therefore, each of the two controlling pendulums would
have to be connected to each of the two assistance motors and the

polarity of the assistance moments selected accordingly.

Ye. L. Nikolai, Giroskop v kardanovom podvese [ The
Gyroscope in Cardanic Suspension], State Publishing

House for Technical-Theoretical Writing, Moscow, 1944.

The monograph, of 83 pages, essentially contains the results
of two earlier publications of the same author,

ﬁ; The influence of various
kinds of friction on the movement possibilities of a Cardanic suspended
gyroscope is exclusively studied. Of course, the characteristic sizes
of the gimbal rings are not neglected as is usually the case; however,
since the author simplifies his equation of motion by linearization,
he misses the interesting and, for the technical application of

Cardanic suspended gyracompass, the extraordinarily important effect

of the azimuthal variations of the gyro axis under the influence of

4§1+ 2~
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the nutation oscillations. If for this reason the monograph must be
regarded as obsolete, several partial results still claim considerable

interest.

In the first section the equations of motion for a Cardanic
suspended gyroscope are arranged in a perfectly common form —- but
then, for the case of the "quick gyroscope," they are simplified by
the elimination of all nonlinear units. The linear equations thus
obtained are then integrated one after another for the following

cases:

1. Cardanic suspension without friction and damping but for
various sloped positions (because of the nonlinear units not being

used in this case, the results are completely invalid).

2. Damping moments proportional to the rats of revolution

around the gyro axis.

3. Impedance of one of the gimbal rings —- thereby a loss

of the stabilizing properties.

4. Constant external moment, no damping; pseudo-rsgular

precession.

5« Constant external moment with damping proportional to the
speed.
6. Simplified calculations of the precession by elimination

of the inertia units.

7+ Action of the gyroscope in the presence of coulomb friction

around the gyro axis.

8. The same case (7) simplified by elimination of the inertia

units.

-43 -

Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0



Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0

Of the problems listed above, the seventh problem takes up
by far the greatest part of the monograph. The author solves this
nonlinear problem by the piecemeal joining together of the linéar
partial solutions by frequency. For this purpose he uses a graph
plane which contains the speeds around both gyro axes as the axes
of the coordinates. Moreover, he distorts the scale so that the
track curves become circles in the single quadrants of this plane
and can therefore be easily drawn. From time to time the central
points of this arc of the circle jump from onevquadrant to another
while in transition. With this lengthy explanation of the "method
of the image point," several special cases are then discussed in which
the total nutational action takes place in one quadrant of the
image plane and in which the speeds therefore retain their signs.
Such is possible if there are strong external moments and the
nutation impulses remain small. In spite of the pregence of friction,
undamped oscillations can appear in special cases. Moreover, special
cases are also possible in which the movement, while transiting,

comes to rest in one of the two coordinates.

For the case in which the friction moments remain small as
compared to the gyroscope moments, approximate formulas are easily
derived. In the case of coulomb friction there also exists a sort
of pseudo-regular precession. The nutation amplitudes, however, decline
.(during the precession) to a certain boundary value for which one
of the previously studied stationary movements then adjusts itself
with change points. Besides deriving pract;cably useful approximate
formulas for this case, the author still shows that from a measured
track curve of the gyroscope apex, the coulomb frictions present in

the Cardan suspension can also be determined conversely.

ey
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Ya. N. Roitenberg, "The Multiple Gyroscope-Horizon," Priklad-

naya matematika i mekhanika [Applied Mathematics and

Mechanies], Vol 10, 1946, Pages 101-124.

In his very detailed and valuable work Roitenberg seiges upon
te idea which A. N. Krylov had discussed in his book on the MGeneral
Gyroscope Theory and its Technical Application." Krylov had suggested
for the stabilization of ships, a platform on which two gyroscopes;
one each for rolling and yawing, were to be fastened. Instead of
the one gyroscope for each axis suggested by Krylov, Roitenberg now
takes two gyrosceopes and investigates the operation of a system
composed of four gyroscopes during various motional conditions of

the ship on which the mechanism was to be located.

A valuable finding of this work is shown by the fact that the
errors of the L-gyroscope mechanism can, in part, be considerably

smaller than those of a single-gyroscope mechanism with similar data.

The L-gyroscope mechanism is described in the first section.
It consists. of a Cardan suspended frame on which the four gyroscopes
are so fastened that their housing can rotate around an axis passing
vertically to the platform. The rotor axes of each two of these
gyroscopes are aligned in’the normal position parallel to one another.
Their movements around the vertical axis of plane, however, are not
independent of one another, but rather are coupled together by rods.
The gyroscopes with parallel-lying rotor axes can therefore only
turn in an equal, but oppositely located angle around their vertical
axis of plane. These rotary motions around the vertical axis of
plane are still influenced by spring clamps which continually seek
to draw the gyroscopes back to a normal position. The system has a

(power) assistance apparatus around the two gyro axes of the platform;

- 9( 5 -
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the center of gravity lies under the point of intersection of the

two Cardan axes.

In the theory of the mechanism, frictions around the gyro and
gyroacope housing axes are eliminated, Moreover, the acceleration
units are cancelled out in the manner which is usually approved for
technical gyroscope problems and therefore are computed with the
"technical gyroscope equations." The rotation and curvature of the
earth, however, are included since they are important for further

theory.

After dealing with the movement units, the action of the
mechanism on an immobile base (laboratory) is then computed. As
expected, one gets a timing oscillation and an earth rotation error
besides. Since the latter is composed of known quantities, it can

be determined by calculation and can therefore be compensated for.

In the calculation of the important rolling error for ships,
it is assumed that the mechanism moves on an orbital circle in a
vertical plane. For this case ons gets a recording error which is
significantly smaller for the described L4~gyroscope horizon than the
error of a similarly constructed mechanism with only one gyroscope.
The error of the single-gyroscope pendulum is proportional to the
relationship oflthe wave frequency to the characteristic gyroscope
frequency -- therefore a very small quantit&; the error of the
L~gyroscope mechanism on the other hand is proportional to the square

of this relationship.

The errors of 4-gyroscope and single-gyroscope mechanisms
may alsco be compared with one another for cases of linear and curve

accelerations.

-:fb_.
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Since a characteristic oscillation period of 84.L minutes for
the single gyroscope horizon had proven éspecially favorable (Schulerts
84 minute principlel!), the author also investigates his 4-gyroscope
mechanism with the same modulation. In so doing he comes to the not
too astonishing conclusion that when the (power) assistance is switched
off, the mechanism does not show a course or acceleration error.
Moreover, he can show that the oscillator impulse vector of all four
gyroscopes:is proportional to the absolute speed of the ship. Each
pair of gyroscopes indicates for itself a component of this absolute

speed.

Especially important for gyroscope mechanisms is the question
of the accumulation of error in a series of-different maneuvers, which
was first studied by B. V. Bulgakov. Roitenberg studies this question
for an 84-minute system. With the aid of the method previously spplied
by Bulgakov, he succeeds in figuring out the maximum error of his
mechanism in the form of a series from error integrals. For a practical
example of this, he comes to the conclusion that the maximum possible
error of his mechanism during the unfavorable series of different
ship maneuvers is exactly half as great as the corresponding error

of a single gyroscope mechanism.

The weaker the (power) assistance is around the gyro axes,

the smaller is the ballistic error in the maneuvers of short duration.

At the conclusion of his studies Roitenberg again discusses
the case of a 4-gyroscope mechanism wifh a characteristic oscillation
period which is considerablyrsmaller than 84.4 minutes. This question
is of great practical significance since an oscillation period of
8L .4 minutes can only be feached with difficulty. In doing this he

comes to the conclusion that in the case of a characteristic oscillation

__6(17 -

Approved For Release 2000/09/01 : CIA-RDP83-00418R000300020011-0



Approved For Release 2000/09/01 - CIA-RDP83-00418R000300020011-0

period which is negligible in comparison with 84.4 minutes, the
ballistic fecording errors of the L-gyroscope mechanism are smaller

by the factor 1/e than those of a single gyroscope mechanism,

D. A. Braslavskiy, S. Se Logunov, and D. S. Pel'por, Raschet

i konstruktsiya aviatsionnykh priborov [Design and

Construction of Aeronautical Equipment], State Publishing
House for the Defense Industry, Moscow, 1954. 583 Pages,

price 19.20 rubles.

This extensive book should be used as a text for schools which
are concerned with the development of aeronautical equipment designerse.
It apparently originated in collaboration with the Mosco Ordzhonikidze-

Technicum for Aeronautical Equipment Designers.

The work, which is divided in three parts, discusses first of
all, in about 170 pages, general questioﬁs of aeronautical equipment
design; the second part of the book, almost 250 pages, contains
descriptions and designs for the most important aeronautical equip-—
ment -- without gyroscope equipment —- while the third part consisting
of 150 pages is concerned with gyroscope equipment and automatic

pilots.

The introduction of three chapters is a model example for
primarily historical introductions as have been customary in the
Soviet Union for several yearse. The reader is spared hardly a single
name of all of the many original discoverers in Russia and with an
enviable carelessness practically all areas which are connected with
aeronautics or its equipment are described as discovered and machined
by the Russians. Two sentences, which are supposed to characterize

the situation in the gyroscope field, may serve as a typical example:
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"In the year 1765, L. Euler, a member of the Russian Academy of
Sciences, in his famous dissertation on the theory of the movement
of a rigid body, gave a schematic representation concerning the
question of the movement of a rigid body around a fixed point. The
leadership in general and applied gyroscope theory was later taken
over by the Russian scientists A. N. Krylov, Ya. A. Krutkov, Ye, L.
Nikolai, and B. V. Bulgakov," Finally, in an introduction which is
true to the (party) line, the invocation of the Five-Year Plan and
the Communist Party c§uld not be lacking. In the first chapter of
the book general requirements for aeronautical equipment are discussed.
In addition, structural parts, which are to appear again and again
in many mechanisms, are discussed. In a very systematic form ons
finds here, for example, a tabular survey of 52 different measuring
transmitters which, from time to time, are arranged according to
input and output amplitudes. Exhaustive descriptions and designs.
of electrical and mechanicsl structural parts (potentiometers,
inductive and capacitative transmitters;spring arrangement, dampers,

etc) can be very valuable for designers.

The second and most extensive chapter of the book has detailed
theoretical and descriptive designs of equipment for recording
pressure, temperature, quantity and charge of fuel, number of revo-

lutions, altitute, speeds and course deviations with magnetic means.

In the third chapter the most important. gyroscope mechanisms
are described in about 100 pages and the different automatic pilots
are described in an additional 50 pages. It would be interesting to
note the names of the most important Soviet researchers which are
cited at the beginning (of the chapter):; "The development of the
fatherland's aeronautical gyroscope equipment is the service of the

Soviet designers Ye, F. Antinov, Ye. V. Olman, V. Ye. Sorkin, and

,_.419 -
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others®... "The most important works concerning gyroscope theory
are by the well known Russian scientists N. Ye. « Zhukovskiy,
A« No Krylov, Ye. L. Nikolai, B. I. Kudrevi#eh and, cancerning

applied gyroscope theory, B. V. Bulgakov. The development of the

theory of aeronautical gyroscope equipment came about through the
works of S. S. Tikhmenev, A. S. Koslov, Ya. I. Soloqugv, Ge Q.
Friedl¥nder, Ya. N. Roitenberg, P. V. Bromberg, V. A. Pavlov, and

others.”"

" The turn-and-bank indicator is described as the first of the
gyroscope mechanisms. Two design forms are shown, of which the first
has a direct current gyroscope and is construéted essentially like
the Askania turn indicator; the second, however, is identical with
the turn-and-bank indicator brought out by the LGW firm around 1942,
in which a gyroscope of spherical shape ("the furious walnut") of
30-mm diameter was used as the rotor. The drawing used ih this book
has been taken over without any change from an LGW prospectus. The
damping gyro, with whose help the rate of revolution and the totary
acceleration can be measured at the same time, is described only in

brief and is illustrated in two drawings.

On the other hand, the different horizons are again treated
in detail. After a description of the most ugeful designs (Sperry),
we (find) used a general error theory of the horizon and reference
made to the possibilitiss of reducing above all the banking error.
For this purpose one can either switch off the traverse (power)
assistance during a banking turn or can, however, install the gyro

axis in the airplane somewhat inclined in the direction of flight.

A "yaw and roll gyroscope with proportional (power) assistance"
is described only briefly. Since for this purpose, however, the most

important data and also a photograph are given, one can assume with

-&0 -
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safety that this relatively complex mechanism has actually been
constructed. It is use%/ for example, in the automatic control as
an indicator for banking turns and pitch. The whole mechanism weighs

8.3 kg and has external measurements of 200 x 263 x 215 mm.

The turn-and-bank indicator combined with artificial horigon
which originated with the firm of Horn and which combined horizon,
turn-and-bank indicator, and banking level in ene housing has been
reproduced in Russia. In any case, to a certain extent, considerable
changes have been undertaken, for exaple, in the type of recording
as well as in the adjustment. Moreover, the Russian gyroscopes work

with a rate of revolution of 40O hz., while the German mechanism is

is equipped with two 500-hz. gyroscopes. The (power) assistance of
the horizon occurs through small mercury spirit levels which make
contacts for certain inclinations. Migratory curves have been devised
and mentioned in this book for an assistance of this type according

to the M"yes-noM principle and also for assistance characterized by

hysteresis.

Next to the previously named conventional horizon types, the-
Russians have concerned themselves with the question of aerobatic.
horizons and have even built a mechanism of this type. However,
the description is so incomplete that the principle of the mechanism
cannot be clearly determined. In any case, it deals with a Cardan
syspended horizon in which, however, the rotor axis is not vertical
to the inner Cardan axis. In this manner they avoid the coincidence
of rotor axis and external Cardan axis after a turn of 90 degrees
around the inner Cardan axis; however, in this singular case the axes
of the system still fall in a plane. The mechanism equipped with an
alternating—curreht gyroscope weights about 2 kg and has external

meagurements of 126 x 189 x 132 mm.,

-41 -
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The method of operation of another aerobatic horizon which’
is, however, presented only as a diagrammatic sketch, is easy to see
throughe. In this case they have used a third Cardan ring in which
the external Cardan axis of the otherwise normal horizon system is
located. The additional Cardan ring is adjusted as usual and thus
will only be free when the gyroscope housing has turned 70 degrees
around the inner Cardan axis. The adjustment of the additional ring
will be switched on again if the rqtary angle P of the gyroscope \
housing leaves the range 70°¢ P <¢110°, 1In this manner the gyroscope
will be given an additional degree of freedom in the region of the

dangerous Y"clinch~position."

The section about the various horigons is concluded with a
short description of three different power-assisted artifiecial horizons
in which the gyroscope is only the sensitive element; the stabilizing
forces, however, of assistance motors are applied. Three simple
schematic sketches of such equipment (with 1,2 and 4 gyroscopes) are
shown, but there is no indication whether mechanisms of this type
have been built. The sketch of the arrangement with four gyroscopes
deviates from the power-assisted artificial horigon outlined by
Roitenberg in 1942 only to the extent that here the rotor axes are
all vertical to the plane of the stabilized platform, while the
original (Roitenberg) arrangement placed the gyroscopes so thaﬁ

the rotor axes were parallel to the platform.

Also, in the discussion of the gyroscopic course indicator,
as in the discussion of horizons, after a short description of the
main possibilities, a general error theory is brought forth which
represents in a noteworthy and cormpliete manner the errors (caused)

by the rotation of the earth, displacement of the center of gravity, |

_4a.-
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axial friction, Cardan suspension and by acceleration forces in various

fIight positions.

The above mentioned gyroscopic course indicator, which was
already comprehensively reported on page 45, is here described in
detail as the first mechanism. Here they are dealing with a gyroscopic
course indicator with a magnetic assistance in which the magnet needle
serving as sensitive element is located directly over the gyroscope
in the mechanism housing. It is also worth noting in this construction
that the assistance of the gyroscope system around the inner Cgrdan
axis does not occur simply vertically to the plane of the external
Cardan frame, bubt rather, vertical to the direction of the apparent
perpendicular which is indicated -- as in the pneumatic Sperry horizon ——
by two small regulatory pendulums. D. A. Braslavskiy, M. G. Elkind

and M. M. Katchkatchian are named as designers of this mechanism.

[The Russians] have sought to avoid the disadvantages of the
pneumatic mechanism with direct mégnetic assistance by the further
development that first of all one assumes a separation between course
detectors and gyroscopes, secondly, that the mechanism is electrically
operated and finally, thirdly, an induction compass is used in place
of a magnetic needle. In order to get the necessary assistanée
currents for the gyroscope, an ad&itional two-step tube amplifier
is installed befween the induction transmitter and the gyroscope.

The mechanism thus produced is illustrated in detail by construction

sketches and photographs.

On the other hand, a "gyroscopezépgzstionécompass," which was
already mentioned in Schlandin's book _;;i, is treated in a relatively
brief manner. They are dealing here with an induction coﬁpass in
which the three induction coils, which are reset at each 1200, are

mounted on an artificial horizon in order thus to remain congtantly

in the horizontal plane.
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The mechanical possibility for assistance which was applied by
Alkan —- that is, a rotating sphere on the gyroscope housing -~ is

mentioned quite briefly.

At the conclusion of the section on gyroscopes equipment, a
"three~gyroscope~central," which can assume the job of horizon and
gyroscopic course indicator at the same time, is once again described
in brief. In this they are dealing with a fusion of three normal
monoaxial power stabilizations which consist of one gyrosceope each
and one (power) assistance motor for each axis. A magnet compass is
provided as a measuring gauge for the course axis while liquid spirit
levels are provided for the other two axes. The controls for the
assistance motors around the two transverse axes are calculated in
thié case in a special coordinate converter from the indicator
values of the spirit level. Also, in the section about automatic
pilots the names of the most important Soviet researchers are
mentioned. In this section we read: "The questions of the dynamic
stability of the airplane are explained not only tﬁeoretically but
experimentally in the fundamental works of V.P. Vetchinkin, V. S.
Vedrov, V. S. Psychnov, L. V. Klimenko, I. V. Ostoslavskiy, Ge Se
Kalatschey, and others. «.. A4 number of successful constructions of
automatic pilots were designed by the Soviet engineers I. A. Timofeyev,
A. A. Lusis, M. F. Sediskiy, V. Ye. Sorkin, and others, in which
the products of foreign firms were considerably surpassed. The
engineers Ye. F. Antinov, Ye. V. Olman, L. I. Semenov and others
have played a large part in the recent development of the construction

of automatic pilots in the USSR.

After the presentation of theory for automatic pilots, which
for the purpose of this book was fully sufficient, several designs

are then described more closely. In this it is worthwhile to note

_.{4_
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that the automatic pilots described in the book é§?3 are no longer
mentioned at all. Oée could therefore assume that they have since
been replaced by more recent designs. Also, the 3-axis automatic
pilot RGAP (abbreviation for "pneumatic-hydraulic automatic pilot™)
which is next described in the book can again (be considered) as
having already been made obsolete. It still has the principal
structure which has been known since the old pneumatic Sperry

3-axis control. The horizon, however, had been somewhat redesigned,

Also the automatic pilot of EAP type (abbreviation for electri-
©al automatic pilot") which was next described, has apparently not
been successful. It operates according to the same principle as
the previously mentioned automatic pilot and has as gyroscope
mechanism a horizon as well as a course indicator gyroscope. The
rigid circuit is rigidly formed so that when unidirectional moments

appear, certain residual errors will still remain.

The next described automatic pilot of type EAPB- (abbreviation

for "electrical automatic pilot without rigid return circuit") has

been completely changed in the principle design and construction.
One can recognize without difficulty that the German 3-axis control
of Rechlin (Moeller) as well as the structural parts of IGW and Patin
were the sources in the design of the control A telecourse indicator
gyroscope assisted by a magnet needle serves as measuring transmitter
for the vertical axis of plane and also, for each of the three axes
an additional damping gyroscope which simultaneously dispenses with
the rate of revoluéion and the rotary acceleration. On the inner
Cardan axis of the hori;on there is further mounted an additional

acceleration gauge which dispenses with the horigzontal compernent

&
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of the alrplane's acceleration and operates as an additional controlling
entity for the longitudinal bearing., * The mixture of the individual
measuring values comes about -~ as in the Patin mechanism -- through
highly receptive galvanomstric systems with multiplé input coils

and potentiometer tapping for the output. The telecompass, as well

as the horizon also, is used at the same time for the recording and

for this purpose is connected with corresponding M"repeaters." Data

given for these automatic pilots is as follows:

Service altitude 12 km
Feed voltage 27 v = 109
Moment of steering engine 18 mkg

Maximum speed on drift bar

of steering engine 70 mm/sec
Necessary power 500 w
Weight 75 kg
Admissible pitch angle T 850

Admissible banking angle + 700

* P.S+ Besides the above-named measuring transmitters ﬁhere is
also a Pltot tube whose recording value is likewise drawn
into the formation of the control values for the longitudinal

control.

- 86 -
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REVIEW OF RUBSIAN WORES ON APPLIED MATHEMATICS,
I1C8, AND GYROSCOPICS

G. V. Shohipsnov, Girogkopicheskiyepribory slepogo poleta. Teoriya,,
raschet i netody kongtruirovaniya [Gyroscopic Devices for Blind
Flying. Theory, Computation, and Construction Methods )], State
Publishing House for the Defense Industry, Moscow-Leningrad, 423
pages, 6,000 copies.

According to the preface by the author, this book may be regarded &s &
sequel and supplement to s book by the same author entitled, “Theory, Computa-
tion, and Construction Methods of Aeronautical Devices.' This book, covering
blind-£flying gyroscopic devices, cousists of two parts. The first part deals
with the "Bpecisl Theory of the Pendulum and Gyroscopic Directionel Indicator'
and allegedly gives the theoretical fundamentals on which the computation and
construction are based. The sscond prrt of the book entitled "Gyro Compess,
Artificial Horizon, and Turn Indicator” shows how the general theory is ap-
plied to special devices, whereby the suthor limits himself to the three
aforementioned gyroscopic devices. Not one word is said in the entire book
sbout the directionsl gyro, slthough at the time of the book's publicsation
such & finished and tested device was already available.

¥

The author does not mention in his introduction -- as is the usual pro-
cedure in Russian books -~ for what group of readers the book was written.
Better books @re available for the theorist, for instance "Applied Gyro Theory"
by Bulgekov which appsared two yeers before this book, or the book written by
Krylov and Krutkov on "'General Gyro Theory” which is still older. The theory
offerod in this case is, despite the many superfluous formulas which fill lots
of pages, full of gape and incomplete, and in many cases simply misleading.
The book can hardly be recommended for designers since the unnecessary mulfi-
tude of formulas only causes confusion, You cannot expect the designer to
atruggle through more then four hundred peges of obscure calculations and to
£ind out in the end that the solution of the problem he wants is not found in
the book, One concludes therefore that this volumnous book is redundant and
without value. It could even be mentioned ms having & damaging sffect on the
reader since without hesitstion too much use has been made of approximations
in the calculstions and many of the drawings and sketches lack the necessary
accuracy, Some of them are not only guantitatively wroug but siwply quali-
tatively untrue.

The first part of the book covering close to two hundred pages and treat-
ing of "Special Theory”, gives long-winded explsnations on general problems of
the theoretical mechanics, which can be found much better, clearer, and more
concise in texthooks on theoretical mechanics. The manner of word ussge also
ig very misleading. For example, the suthor uses the expressions of preces-
sion and nutation generslly for the two natural frequencies of systems with
two degrees of freedom. At another place the same nomenclature is used for
two components of one and the same oscillation. The reader is spared nothing
when the systems of two degrees of freedom are discussed. He has to endure
81l possible combinstions of return, damping, and coupling terms in the
linearly estsblished two differentisl equations of the second degres. After
rending about one hundred pages of this talk one will discover that an engi-
nesr well acquainted with theoretical mechanics could have come to this con-

clusion after reading a few pages. Thus the suthor finally arrives at two
systems edch consisting of two coupled linear differential equations which
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only differ from each other in the type of the return terms., In the first
system indicated with an "S" (Sperry), the return forces are placed above

the cross in the differentinl equation system while in the second system,
indicated with an "A" (Anschiletz), the return forces for B coordinate also
are used for this coordinate in the differential equation, Later the author
discusses some intermediate forms of these systems of equations end indicates
them with "SA".

An spproximation method, originally developed by Bairstov snd was widely
and without hesitation used in the solution of squations of the fourth degres.

The theory of the gyprocompass as presented in the second part of the
book does not give us anything vew as compared to what had been written by
Krylov and Krutkov or by Bulgakov. Howaver, in spite of the wide scope, im~
portant parts of this theory, such as the pendulum error, are not discussed,
and only briefly mentioned.

The theory of the acceleration-free synchronization (eighty-four minute
principle) which is of fundamental importance, especially to the gyrocompass,
is discussed in e bimsed manner. After this came the theory on gyroscopic
horizons which is voluminous as well 8s incomplete. Again the author will
tire his reader with unnecessary generslities of his resasrch in which he also
discusses the theory of systems which cannot be used in practice. Two devices
are discussed in detail; the Sperry gyro horizon and the gyro horizon of An-
schiletz and Co. While testing the two devices, the author ventures to predict
that the Anschlletz gyro horizon will in the future displace the Bperry instru-
ment especially if one thinks of the utilization of the gyro borizon in the
automatic pilot. The seventeen years since the publication of the book have
proved the opposite to be true.

During the discussion of the Sperry horizon it may be of interest to note
thet it wes tried without result to mmke the dimensions of the Sperry horizon
smaller, without decreasing ita sccuracy. It does not follow from the text,
however, where and how these tests were made., During the discussion of the
error theory of the Sperry horizon, one is startled to find that the maximum
error approximates the angle at which the control pendulums clear the exhaust
nozzles completely. This misleading result is no doubt caused by the fact
thet the error theory sctually forms the basis for the behavior with accelera-
ted rectilinear flight.

After enduring this theory of the gyro horizon one is not surprised at
the statement that the gyro really is not used at all, and that what you need
is to find the mechanism necessary to produce the terms in the differential
squations. The suthor does not reveal, however, how he plans to do that with-
out gyroscopes.

The theory of the turn-and-bank indicator, which sctually forms the basis
for the devices made by "Pioneer” and "Schilowski', is kept entirely within
the framework of the gyro compass and horizon theories. For example, the
computation of the springs for holding down the frame is given with all the
details, as if there were no reference books for this type of computation, but
not 8 word is sald about the stabilizer,

iIn this chapter you elso find the presumptuous essumption that the indi-
cated method of computing not only can be used for Pioneer and Schilowski but
also for any other constructive variation of bank-and-turn indicators, which
mAy be conceived at all.

The last paragraph of the book, entitled "Construction Components, Se-
quence of the Computation, and Design of Gyroscopic Devices"”, is again noted
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for the arrogant and unscrupulous menner in which the applied theory of gyro-
scopes is digcussed in this book., Aside from the many things which were said
before and are repeated again, & computation schedule is given for esch of the
devices under discussion from which the separste steps may be seen that have
to be taker during the calculstion. Since the formulas are given simultan-
€ously with each step, actuslly you have an ideal “cookbook™ in front of you
with the help of which you cain easily compute several compasses, horizons snd
bank-and-turn indicators on & weekly besis -- if the schedule were complete.

The schedule for the Sperry horizon contains, for instance, all data for
the control pendulums 8s well as the air exhaust nozzles computed very ac—
curately, but the only advice given for the computation of the rotor is: 'De-
termine the dilmensions of the rotor from the overall dimensione of the entire
device". To determine the number of revolutionsof the gyro the rule is simple:
"Divide the obtained impulse by the moment inertia of the rotor!"” The last of
& total of twenty-five points of the plan to be followed in the computation of
the Sperry horizon is called plainly and simply: “tontrol and stress calcula-
tions” in which the necessary formulas of course were not included.

To sum up the opinion of the reviewer: The book is ‘written in an arrogant
&nd obscure manner; hence it is without value. A designer cen get much farther
with the help of & textbook on theoretical mechanics and an engineer's manuel.

N. 1. Chistyskov, Elektricheskiye aviptsionnyye pribory [Electrical In-
struments for Aviation State Publishing House for the Defense Industry,
Moscow, 1950, 534 pages, 6,000 copies, price 18 rubles.

In the preface of the book the author emphdsizes that several good books
are available in the field of mechanical aeronsutical devices. However, no
suitable textbook was available on electrical meropsutical devices which could
be used in school for the training of aeronautical engineers. The book sup-
posedly fills this gap. It has officislly been introduced as a textbook.

The preface begins with the sentence: "Our country is the country of an
snormous air force. Soviet airplanes fly and will always fly higher, faster,
and farther than all other plenes in the worid."

The introduction begins with the sentence: 'Electrical devices origina-
ted in our country. The fawous Russian scientist M, V. Lomonosov built the
first apparatus to measure electricity about 200 years ago.'"

Nearly all chapters of the book stert with similar sworn statements end
in regard to gyroscopic devices there is no exception: "All basic principles
and ways of application of the gyroscope have been worked out in the USSR by
many Russian #@cientists and engineers such as A, N. Krylov, B. V. Bulgakov,

Ye. B. Lewenthal, Ya. N. Roitenberg, G. A. Slomyanskiy, ¥a. I. Soloviyev, G. O.
Friedlander, S. 8. Tichmenev.

This does not prevent the author from showing a few pages later mostly
pictures of foreign gyroscopic devices, withcut mentioning naturally the land
of their origin. Only mbout seventy pages of this bulky book are devoted to
electrical meronsutical devices. The author confines himself to descriptions
of the design and the operational characteristics of the most important gyro-
scopic devices. In only & few cases computations and diagrams of component
parts of gyroscopic devices are given; for instance, on the various types of
electric supporting devices, consisting of an indicator and a torque producing
unit. The various possiblities of servomechanisms sre 8180 discussed; however,
usually well-known foreign designs are quoted. The general congtructions of
bank-and-turn indicators, gyro horizons, force supported gyroscopic frames is
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only briefly described, but much room is devoted to tha discussion of the
gyrocompass. The Russian designers followed in this case their own initimtive
88 can be seen from the descriptions, Again you will find a description of
the directional gyro controlled by a magnetic needle, in which the magnetic
needle has been fastened directly sbove the gyroscope in the housing of the
device. This arrangement is later abandoned in favor of & foreign design
which provides e spacious separation between the gyroscope and the magnetic
naedle. ‘

Independent from the monitoring by means of magnetic needles, much work
has been done in the field of induction selsyns, which are capable of indi-
cating the direction of the earth's magnetic field. Two of these devices,
both of which slso use a gyroscope, have been built and tested. The gyroscope
in the "horizontally balanced induction compass” serves only as & horizon in
order to astablish & proper basis for the induction coils. A directional gyro
is not present in this case., The reading of the induction selsyn is directly
transferred to an indicator by means of an amplifier. In the chse of the
Ygyro induction compass” we have a supported directional gyro the monitoring
of which is provided by the induction selsyn. In this case the inductiongel-
syn takes only the place of the magnet of the "remote reading compass.’ This
gyro induction compass is described in great detail even with some construc-
tionsl features included. Pictures of the finished apparatus are included.
in order to be sble to utilize the output currents of the induction selsyn for
the support of the gyroscope, these currents are conducted across & two-stage
tube applifier located directly in the housing of the directional gyro. It
upy be concluded from other remarks that the design did not stand up too well
for they were tiying to obtain & higher degree of safety of operation through
& change in construction. The construction of this device should be such that
it can st$ll be used even if the amplifier breaks down. For that remson they
went back again to the use of & magnetic needle system &s an indicator but
this time its rotations were transmitted to the course axis of the gyroscope
by means of & "magnesynsystem." If deviations are present a corresponding
supporting current’is applied to the internsl cardsnic axle. In case the sup-
port fails the magnesyn can be switched directly to the indicator.

A course indicstor operating with an electron beam is also described.
The deflection of an electron beam is used to indicate various courses. The
directional gyro can be monitored by means of amplifiers. During the develop-
ment of this device they planned to produce an inertialess indication of the
direction of the earth's magnetic field. However, since the same goal was
reached in a much simpler manner by the use of the inductive method, the work
on the electron beam course indicator lost its importance and has been dis-
continued for some years.

A description of the "automatic pilot', discussed in several other books,
ig given in chapter XIX. The device can automatically plot the route of an
sirplane on a chart from data supplied by course and airspeed indicators. Ac-
cordingly it also contains & directionsl gyro in addition to an airspeed indi-~
catdr. A disadvantage of the design is that changes in wind direction during
f1ight cannot be allowed for, and that & certain sensitivity is present &s a
result of fluctumtions in the voltage supply.

The bibliography at the end of the book lists a total of eighty-two pub-
lications which for the most part cover topics of a purely electrical nature.
All worthwhile information related to gyroscopic devices has been included in
the bibliography of the main rsport.

V. A. Paviov, Aviatsionnyye giroskopichoggiye pribory [Aeronautical
Gyroscopic Devices], State Publishing House for the Defense Industry,
Moscow, 1954, 411 pages, price 12,83 rublea. (It is noteworthy that
this publishing house no longer indicates the number of copies of
the edition.)

- 0..
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This book may be considered the second edition of & book published in
1946, entitled: 'Fundamentals of the Design of Gyroscopic Devices". It
has been introduced as a textbook for the specimsl field of “aeronsutical de-
vices” for advanced training in aeronautical schools. Apparently the suthor
had given a course on gyroscopic devices for quite some time in such & school
and finally published the material used in this course in book form in an
amplified manner.

As compared to the first edition the number of pages of the book has al-
most doubled (411 as compared to the previous 223 pages); however, 1if the
larger format is also considered, it has more than doubled. It may be noted
that the price of the book has been lowered despite ita greater size and that
it is & considerably better publication. Through conmparison of the tables of
content it was determined that the increase in size actually can be tracud to
the fact that a description and the theory of special gyroscopic devices is
given in & number of chapters (III to IX), which formerly were not included.
The wider scope in other parts of the book can nearly without exception be ex-
plained by the wider and more detailed discussion of the theory -- as I am soryy
to gsy! For the theory was already rather weak in the first edition, while part
of the more prectical sections sre excellent. These practical sections, how-
ever, have been copied without much change.

The manner in which the theoretical fuudamentals as well as the computa-
tion of some devices is done is typical of Russisn textbooks. It is a decided
"eookbook” type theory! Instead of discussing some important exsmples so as
to clarify the methods of computetion, every single case is again thoroughly
calculated with all possible details. In other words & tiresome repetition is
presented in a1l sections of the solutions of some differential equations with
constant coefficients with sometimos smell variations in initial conditions or
in the single terms of the initial equations. It is difficult to conceive that
&1l this material cen be mastered within the scope of a course on seronautical
devices, as presented in this book.

It is obvious that this book 18 the work of a teacher of long standing,
because a great number of rather good demonstration models are described and
shown in pictures. The great number of exercises are evidence of an intensive
instruction method.

The introduction contains some valusble references. The nemes of some de-
signers are mentioned here who have distinguished themselves, especially in the
development of gyroscopic devices. They are V. I. Kusnetsov, Ye. F. Antikov,
8. F. Farmakoriskiy, and A. I. Markov; in another place in the book, D. A.
Sraslanskiy, M, M. Katschkatschian and M. G. Elkind, sre mentioned as the de-
signors of the directional gyro supported by & magnetic needle. Furthermore
8. A. Nosdrovekiy is called the inventor of the force supported gyroscopic
frame., In additiop. the seme theorists are mentioned who are already suffi-
ciently known from other publications.

Chepters 1 and 1I present the general theoretical fundementals. Especi~
#lly the influence of friction on bearings ms well as the effects of the earth's
rotation are examined. The gimbal rings are now also considered in the deriva-
tion of the general gyro equations, apparently according to the example of Nik-
olal, All other calculations, however, are based on the simplified linearized
gyro equations.

The only point of interest in chapter III, which covers simple, nonsup-
ported directional gyros, is the statement about two migration curves which
were recorded with two different devices. The larger had an average migration

of 10%/hour with a rotor weight of 700 grams, while the smaller with a rotor
weight of 172 grams had @ migration of 25%/hour.
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“In chapter IV you learn that the supported directional gyroscope as de-
veloped in the USSR in which the correcting magnetic needle is installed direc—
tly above the rotor in the bousing of the device, has been abandoned in favor
of the "telecompass', The latter device, the design of which incorporates a
' separation between the gyroscope end the magnetic needle, has been described in
detall with its various types of tramsmission. The Russian development appears
in close support of previous German design. The "gyroscopic magnet”, in which
simply a magnetic needle is rigidly connected to & rotor housing, as proposed
by Chochlov and appearing with a detsiled calculation in a publication {number
29 of the bibliography), is mentioned by Pavlov as "interesting, but of imprac-
tical design."

Something new seems to be indicatad by the possibility of keeping the
directionsal gyro free from errors during certain sercbatic £light patterns.
An arresting pin is installed in the gyro housing, which prevents the swinging
through when rotating around the inside cardenic axis. Precession will cause
the system to rotate rather rapidly around the outer axis until the inner ring
is again reoleased after a rotation of 180°,

Chapter V on the gyro compass is very detailed but of no importance. Ome
is surprised to find it in this book at all, for it is specitically pointed out
that the use of gyrocompasses in aircraft is not advisable because of their ex—
tensive woight and large course errors.

Cuapter VI, dedicated to mrtificisl horizons and verticals, included long
descriptions and calculations for the many possible types of supports without
ghowing or describing any definite devices. It may be of interest to point
out here that the Soviets have picked up the original idea of Glitscher to ob-
tain & compensation of ercor through the introduction of an artificial "drift
tewygrtf. A diagram 1p shown in Figure 6.25 which loagks expotly like 8 design
by Glitscher, Whether such devices are actually being built cannot be
"#educed from the text. B .

Bank-and-turn indicators are discussed in Chapter VII. Actually it is a
discussion of designs of German firms, some of which have been copied in the
USSR. Something new in this chapter is the description of a bank and turn
indicator, which lately in Russian literature is called "gyrotachometer', in
which an increase in mccuracy of indication is obtained by setting the reading
always back to zero by means of shifting the zero point of the spring re-
strainer, which shift is then teken as & measure of the speed of rotation. It
cannot be determined whether this device or any other gyroscopes for measuring
velocity and acceleration described in this book have actuslly been built.

Chepter VIII wmainly presents diagrams as well as some theory on a great
variety of types of force supported gyro systems, also calléd inertia frames;
however, no gpecific data on devices of thiswtype are given.

Chapter IX contains & brief discussion on a position and angular velocity
recorder for three components as developed by TSAGI, also en integrating and
differentiating gyroscopic devices; finally a "gyro relay” and a "vector stab-
ilizer” are mentioned of which the latter is used to determine the ground
speed.

Chapters X up to XIV were taken from the first edition of the book with
minor changes. The various component parts of gyroscopic devices such as
rotors, bearings, supports, current transmission systems, and arresting equip-
ment are discussed in these chapters.

The tables with rotor data taken from the first volume are here mainly
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supplemented by the inclusion of smaller types of gyros. It is further Eound
that the former Germen gyro types KA 4, KA 5, KA 7, as well as the LGW spheri~
cal gyro with 8 diameter of 30 mm (the so~called "mad walnut”) are also in-
cluded. One is of course somewhat surprised by the bold statement that this
type gyro is an advanced development of one of the designs developed by the
author (Paviov). This "Pavlov gyro", of which even pictures are shown in an
unassenbled as well as assembled state appears to be very primitive; it con-
s8ists of two halves of similar design, each provided with its own drive and
coupled together with & pin. Each of the top~shaped halves has only one ball
bearing, so that it is difficult to see how the system csn operate sensibly.

This time smaller ball bearings have been considered in the chapter on
supports and the tables have been supplemented accordingly. The latest re-
sults on the problem of friction in high-precision ball bearings (by Vieweg
in Darmstadt) were evaluated, naturally without indicating the source!

The new edition also contmins 8 small and incomplete sketch for an air-
supported or liquid-supported gyroscopic device. After & poor description of
only fourteen lines it ssys: '"it should be pointed out that the type of sup-
port under discussion can only be used with gyroscopes having two degrees of
freedom which remain stationary on the earth's surface, Despite a number of
adventages of the described type of support, ball bearings are mainly used in
Serondutical gyroscopic devices, because they have s longer life and also
operéte better in systems subjected to'vibrations."

Contrary to the poor information on sir supports, you find again, as in
the first edition, detsiled #RAQKEALIon on various types of oscillating sup-
ports, Based on information,fowndp. this beok it may be sssumed with & high
degree of probsbility that thorough investigation hes been carried out in the
USSR in connection with this prebies..

- ; M }ﬁatu on the values of friction obtained
¥ith various types of bearings show that with oscillating supports they still

cannot approach the values as q@gg;g”g with prismatic supports.

In the chapter on rotor boarings'tho Anschiletz gyroscope bearing is dis-
cussed in detail,

Much practical material was asseumbléd during the research on greatly dif-
ferent supporting devices. But also in this case preferably foreign designs
were described. In & discussion on the support of the directional gyro by
medns of the earth's magnetic field, it was noticed that in addition to the
established methods with the aid of magnetic needles or e induction compass,
& device was described which operates with an electron besam. This device, de-
veloped by L. A, Gontscharskiy, A, Pp. Moltschanov, and V. K, Bvorykin, uti-
lizes the deflection of the beam of electrons caused by the sarth's magnetic
field to generate a supporting current,

The information and pictures on the problem of pneumatic support of the
inside gimbal rings for the directional gyro are proof of the intensive work
being done in this field, Measurements are msde of the air pressure inside
the gyro housinpg to determine the most favorable type of air conduit for the
support, An electric support is recomuended for larger gyros which will make
8% edsler to obtain greater supporting moments. :

‘Fem "Bulgskov Method” is used to determine the effect of supports with
th.vgzgg horizon.

The two chapters on power transmissions and arresting devices have been
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enlarged somewhat, but most of the descriptions discuss German designs.

Chapter XV entitled "How to Determine the Main Charscteristics of Gyro-
scopic Devices” is & new chapter. After @ brief description of various de-
vices (three German designe as well as the three-component recorder developed
by TBAGI), examples are given of calculations for all important gyroscopic de~
vices and illustrated by means of numerical examples. It is possible that the
teachers in the USSR have experienced such poor results with their teaching
methods that by writing this type of "cookbook” they hope it may improve. You
oen find here all formulas if you want to compute "classic” gyroscopic devices,
but in all other cmges the book does not help. The waraning directed by the
author at the end of the chapter to the students that they cannot always follow
this schedule to the letter probably will make the "cockbook engineers"” more
helpless,

summslezing, it may be suid that this new edition is vary valuable, since
plenty of material has been compiled in it, Unfortunately the important prac-
tical sections have hardly been supplemented while it would have been & plecs-
ure to give up the insignificant theory.

V. V. Rumysntsev, "The Stability of the Spiral Motion of a Rigid Body in
& Liquid under Conditions Specified by 8. A. Chaplygin”, Prikladnays
BAtemptike | mekhanika [Applied Mathematics and Mechanics], Vol XIX,
1956, pages 2208-230.

€haplygin established the equations for the general motion of a rigid
body in an infinitely expanded, ideal, incompressible liquid, and proved that
in 8 special cese four integrals of these eguations can be estimated so that
the problem can be reduced to a quadrature. Rumyantsev pow indicates a
spécial solution of the Chaplygin equations which corresponds to the case of
& congtent spiral motion of the body in the liquid.” The stability of this
spirel motion may now be found by examining the disturbed motion. The suthor
torms & Liapunov function from three specisl integrsls according to the ex-—
ample of Chaplygin from which then the stability conditions may be derived ac-
cording to the well known requirements of definability. In the special case
of B nonprogressive motion they are changed into the well-known stability con-
ditions for the case as examined by 8. V. Kovalevskiy. '

P. V. Kharlamov, "An Integral Case of the Equations of Motion of the
Heavy Rigid Body in a Liquid", Priklednaye matematika i mekbhanika
[Applied Mathematics and Mechanics], Vol XIX, 1855, pages 231~-233,

In connection with the research done by 8. A, Chaplygin, & new case is
presented in which the equition of motion for & rigid bogr located in an in-
fipitely expsnded idea) incompressible liquid can be integrated. In this
particular case the center of gravity of the rigid body does not coincide with
the center of gravity of the liquid mess displaced by it. Moreover, we are
dealing here with a generalization of the well-known case of Lagrange, for
which now & certain motion of propagétion is allowed. The suthor succeeds in
finding the solution of the Bngle of nutation and precession in the form of
elliptic integrals. Then the author examines the stability of the motion
found in this manner for a further simplified special case of this solution

while determining a Liapunov function. The postulate of the definability of
this function will give us the stability conditiong. we are looking for.

&
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